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["^•^31 SIS. 5J ojofl a}^7V^^ c-floiEl ^#-8- «VEa(| g{ ^o\^^ -ai^<S 

[5.^Sl ?>Tai5- 'g'^l^lS.fe •& ^S. ^ ol^ol ^-g-S^fe 04.^ Hi) 

;«il2S.fe -S- ^'i'Hl -^-^i^ ^s-ofl A>^s)^ =e|Bll:al^s -^^ -¥-'{d^^-¥-^'- -^-^i 

si- S1S.S1 l>gA]oflsl ^>«§iE.. 

^I3£fe ^ ^^<K1 «^ ^S.oll AV^Sjfe o.^^^«3j- A^H.^^ « j:s^ 

^14H^ -S- ^"^ofl ■¥-:&S}- SlS-ofl >^V-8-Slfe Helafl^lSl^Sl l^Alc4)s^ ^>§5E.. 

^15£^ t^-Hl -f-sSI- S1^«H1 ^V-g-s)^ =Bl-oHE^5j^ 95 «as = Sl^Sl cf^g. 

^l6Hfe (a), (b) % (c)fe. ^155.011 S.^1^V = e^-o]o^E^Sls.«»^l Af^:^^ di-Et^sl HefoH 

Elsies; l^AHlo^ 

;Hl75.fe ;Hl5£.«>fl ^.'••It!: ^Si'S^sl H.e}-oioiElSls.o1I A|.^s|fe l-gA]oflsi 

oflS] ^A^£. 

;«il9£.fe -H- ^'3<H1 aisofl >^l"8-s|fe =eiailAl3^s. -^^ -^-{d^^-?-^ 
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mo^^ ^ ^'gofl sis-ofl Av^sife -s- ^-gsi E^-olI^} 

^ ^vig«H) ^^-a A>-8-5lfe =e1aflAl^^ -^^ -f-a^^^^ 

j^A]^^ ^j^sj. S1S.S1 ^^si\ t^o]T>^^ M-E^xflfe E^-«a*i-oVs.. 

;i||14£Sl (a). (b)fe z^-zl-. ^12S. 9? ^110£«>1| S-^ll* HfolijJ s^ssl ^S^^^H- uf^Olfe 

;<l]16Hfe ^ E^olnj ;fll<H3lSSl t^-^- ^^']^]S\ ^^^S.. 

m7^3\ (a), (b)^ >I115S. ^ ;H110S.<^1 i^l^V e^o1°<) ^^^1 ^#^5+1- ^^^M^ 

>fl22£fe ^ ^^^S7V ^■%■s\^ ^s-sl -9-Ai^<fl^a|. 
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-S^ii^l no488:S:(£.^ ^1 5*1) 



;h124£^ -g- ^'goii ^s. ?j oj^o) ^■%■s\^ I'^l^H^l:^s^ cf-g- ^^i 

;^125£^ ^ ^'I'Hl «^ ^^-Hl ^V-8-5lfe -f-a^^l^^*- ^^f^ ^ 

;H126£^ •& ^'^^il ^e^i «^ sls-ofl -^V-g-slfe El-oloj ;Hl'>l5l^Sl cf^ >gAHisi ^ 
;«ll272.fe ^ -^^^17] st\^ ej-oinj :a>o).E. 

;«fl28s.fe- ^ ^^'^ofl ^a^^-gs.^ =?-^i SHS.S.. 

;ql29S.fe f^eflsl •¥-^^ ^^.-l- ^-g-^ ^-8- nflael^Alsl ^>^j5E.. 

;fll303Efe f^zflsl ^« 2}-g-tb «;!^^ <H)£e1«s1 ^*fl ^-^^S. 

* HigS) ^XL-^^oll tfl^ -^^10. 11 : SjS. 12 : '^l^ «?!!scn4 : M^^^- 

SIS. 16 : S£l3^*l5lS.18 : #5fl^ eil^l^El 18o. 18i, 18„ : cflojEj e11^12I^20. 
26 : H2>ol<HElSl5. 22 : <^3.v\2A : efl^l^^ 28 : oUsc-lajS-SO : ^]3.^. 
34 : ^.1^32(61). 32(B2), 32(BJ : 36. 36i, 862, 363, 36„, 36(Ro), 36(Ri), 36(RJ : 

5ll^l^El4a 40o. 40,. 4O2, 40„ : « 2|ol«HElSlS.a.4i44(Ni) : NMOS BSS^l^El 44(N,) : 
MOS B€^l^Ei48 : ■feel'S'tVSlS 48a : OR 7llolS48b : AND Tfl^lH 52 : ^^1 
mOo, 50i. 5O2. 50l-i : <H^2lli^54,, 542. 543. 54„ : TljolSSlS. 60. 76. 110. 112 : ^o] 
"J ■■ El-oloj ;*11cHSlS. 62 : ;Mll^S:-y64 : ^l2^S:<i 66. 660. 661, 662, 66„ : ^-S- 

^■§-S)^67a, 67b. 67c. 67d. 67e. 69a, 69b. 69c, 69, 75a. 75b. 75c. 75d : S ia;xli;rEl68 : 
^i^^^SlS. 70 : ?i^^#^S.72 : ;*<l<H't!3.>{d 74. 74o. 74i. 74„. 142 : 77a. 
77b. 77c, 77d. 80a, 80b. 82a, 82b. 109a. 109b : B.^^]^^78. 79. 83 : Se]S>ol^l e ^ 
^^l>iEl84. 102a. 102b. 103a. 103b, 104a. 104b, 108a, 108b : 9l^^ 100. 106. 116 : Efo] 
114 : feel^S118 : 118. II80, 118„ : efl^l^S122 : ^91 "Ssc^ 

124 : ^S.124a. 124b. 124(So). 124(Si). 124(SJ, 126a. 126b, 126c : H^^^^tEl 

126 : €efln i^oIe) >fflii:S^S 128 : ^ = ^S130 : S.f>}S^S. 140, 140A. 144. 148, 150. 
156 : ^^^S. 141 : efl^l^S. 143 : E.^^\<^}^fi\S.U5, 149, 158a, 158b : PMOS 151. 
152. 153 : ^#E^-olx5J ;iq«H^s.l55. 157 : NMOS 160(So), 160(Si), 160(SJ : iJ^^l^S. 
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163, 164 : NMOS S^^l^^l 165(Lo). 165(L,), 165(U) : ^^-^1166 : AND SjS. 167 : l- 
^-y^l^ieSCPCo). 168(PCi), 168(PCJ : PMOS Bsa^li^^ 169 : =el^W^l 170, 
172 : <^^^]174. 175 : 21)^1^13:^1 178 : El-o^jJ ;<1H5}S.180 : ^^o]o]^S\s.l82. 184, 
1843, 186 : SHl-<5l<HEl5l^(-^qH5lS)188, 188o. 188i, I882. I883 : 3^5.^4:190 : ^3. 
^s\S.l92o. 192i, 1923, 1924, 1925, 192i5 : <H^iHl^'a200 : -^"^ ^S.B\ 202 : ^3. 
el-i-4204 : "HlS-el 206 : CAM « <H «1I<*1208 : H|m^:§: ^]^]^^ 210 : 

S.B^o]o]^ <^3.v^212 : Dfl?] =2j-ol<H^ <?!!sc1 214 : HHfojo^Ej <lilsc-1 [^^^£1 

^^^]^ ■¥-M 5J ol'Hl 2}^7l-^^V cl)olE] ^t^^ aVS:^) ^aj^s 

oil 2.51 : Content Addressable Memory : CAM)f-il- ^o] cf^sj -M-^-ofl/cl ^^s\ 
s.54|>iAi^l- niel ^«H^ n^el-'H ^Si^S 3L^#7fl ^3:^«1-7l ^1^ -^-jE^ 

^^^^ -il^-^^-a^l-Sl cf^m^^ *V^# ^#31S1- ^«1*|-J1 -^-^ 

^«t«l >^>-8-s1^ ^iii'gS.oll 

^^^^ ;gA^t11olElS8l- 7l<5iCl)olEl<2l-2l <a^l^#^ ^ «1S *)-^, "^^1^ t-fl'=>1^1 

si 7l«?ol£-t!llii Sl^ CllolEl» #^*Vfe 7l^^ 7Mfe «}-£^l 7l^SlS.S.Ai. <a>a- v\]3.^ 

(associative memory), ^, ^^i'S^^ CMA(i41-g-^^11ri;-"flH.el : Content Addressable 
Memory)7l- ^ <k^^^ Sicl-(i7}in 2.S.i2. ?}-^. o]o]^^} cfl^io]: ^ rcMOSJi LSIS) ^ 
^1j wl-ol^-f^, P176-P177^2:). 

<a-^ Dll2.£l(CAM)fe l-el^<?] "^iS-Sl <H = elli«^l sI^Ha^^ o>i-|:ii, ^-g-<Hl slsfoi 
^cl-. cj-el-Al CAM21 7l-&7l^^ f-^21 Dl)2.Eli2l-fe «Vcfl5 ^^ScflolEll- "a^Sl-jl. zi ^ 
A^ciloiEl-il- <a^ltl- iHloiEi7> 7l^slJi si-fe- J?lcsl oic^i>-5 #^5l-^ ^«lcl-. JnelM-, 
•aAisf^ ^ = «>^s. tb^sl<H Xife 55-& «*>M:a, 4t^s1 ^£.5. «a^lsl-fe ^-¥-7V 

■¥-5:S}- 4^ SJtf. o] nfl^ofl CAMollfe ^^sj «y^1'tl:£(am'll:S:)* iii^sl -f 

^^^l«ll ^S.s^ -f-a^^l-?-^'- sis.(H5+oHEl.^scl)7> A>^sl 

:51 Sa^l-. Zl^cfl, tfl-g.^ CAM<Hl>«>1fe. <a?!-^^S. ^ = :aoH cJloH ^S.=^^7l- 3711 
S)ol sacf. o] nD^ofl, >ioliNlol7V ^^31 l-^o.s ^^Slfetfl. P]7]^.^^ S.3^o]o]^.<s^3. 
c-lS) aI|Al7> ^A^V §.;»11S ^cf. 

^. CAMS! zl- -i"^ ^^'^l =El-ol<HEl.<asc-ll- .^zl-tbcl-::! i}^^, ^^o]o]^.c^3. 
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o] nfl^-ofl. Sr^s\ cflsj-o^ SV^-Sl ofl?] Se^ojolE^ -asc-ll- ^^Als^Jl. o] S.^o]o] 

oflac-loii s^bI-o^ o!ls=.(-^:S:^)l- em l-^-a- « ^efoHEl-oflsci 

o] '^^ tHlS.2l(CAM)* ;Hl29£oil :£A)t!:C]-. ^95.^] S^ll^- i^ol, 9^"^ ^S.^ 

(200)^ 47llsj <S^i- Di)s.e) 1-^(202)^5. ^^s^ji, o] Dfl£ell-s.(202)fe cfA) 8711 

21 iHlael >H«M(204)O-S. ^^^^ 9X^. =L^:n., S.^o]o]^ <aiacl(210)fe, oil- 
87llsl i^ael Aiti^^(204)^S € «mfil «l|2.e11.^(202)nVct *V^s1 ^ ^ 
■^«f|>^i 47ll 'gjtlSlfe nfl^ =efoi<HEi «asc-1(212)i2}-, 47l|5l «fl5Le11-s.(202)<fl t|le> 
<^ 21711 ^i^l2£|fe '^iw.M =e^-o]oiEl ^sci(214)«- T^«m J^lf^^J =efol<HEl «?llsc-ls1 
^-^^^l *11-8-s)j1 9X^. «^71A1. 7ll30S.ofl HAl^ Hfs}. ^o] oflsLel a^ ai.^(204)-g:. 

dt'g ^ = ^ols1 t>||a.e1^ = S ^ CAM Aiti.6ii^o)(206)4 :a 

o| o4>a- nll2.e11-s.(202)»fl Si<H^1, •a^l^-y^^Hlfe, ^^1, ^ "a^l- ^S.Z\ «.#^(204)°l- 
oj A^H.-i-S. vfls) :^ ^^^2) nlEAij:7]. ulEAlJ: etl:^l:iEl (208)5. -^^1^2}- -S-AHI 21- 
<aAj- tHl2.sl A^«. -1-^(204)21 ;Hl<H^2l OR slS.(iEAl5>;^l 2^-S-)<Hl 2l5l-o1 o] A^a.-g-s. 
(204) ^oll <a*l^S.2l M-El-xflfe A-lja-i-s. hIeaI^:* -g-A^^c}. ojo^A^, 

(204)# i4El-vfl^ >^i«.l-^ ^^'^^sl-:;!, '"■i^.-i-^ ^z^o]o]^ ojsc-] 

(214)fe ^^ms-^m^ '^iMl-^ <HCB,)^5 >^5^^ivcf. 4^01) Aieijg A^a^ao^ 
Aisi5.(£.Aid).^l 8^-i-)7> >a-7l 1^ ^sijB^x* §A^2|-5>Ji, olB-tl:^ eil^l^Ei 

(208)°fl -fi-^l^lJi SZfe iHlolEKul^-tl^)* #^'5d:^S.A^ ^^<>]^^ '?!lsc-l(212)fe- 

^^€1^. ^2l:a ^'^1. °11?1 '?asc-1(2l2)fe ^lel JgeH 

^ o.A}^^oii «l-e1-^1 ■¥-:S:S?- € ^'S" 'Hia.el Aia^^(204) «ls ollaej ^^H.ol£.5Nl 
^g'^d^i^. alB.'Hls.el i?lH<Hs.i!fli2}- '^i^-l-^ «H=.Bj|>i2}-l^ ^^>H CAM 

nil a.el (200)21 Blso02.e1 461 = 21 ^s.^ feel ^ei-oioiEl «?liat:-l(210)S.>H^ 

;^129£ ^ mos^<^ 3E.Ai^ #21121 CAM «fl JE.e| (200)«>fl sa^H^H^ S.e1-«HEl «ascK^:£ 
^ ^s.)(210)l- ^^s1 o^>^ Bflael AiH^^(204)l- ^fe "11^ =ei-oHEl <?asc-1(-9-A!^ 
^.^Sj- ^JiS^- S|S.)(212)fit- -^-SlM °l|£e1 >^i«.-i-^(204)2l -f'":!^^!- "fl 

7lfe =3l-ol<HEl <ast:-1(214)S. ^'^JsI-jI, ^^^1 ''•I « #^(204)01 ofl^i "i;^. 
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^-y^^l- ^^^sl-ol. -^-^d^ -1-^(204)21 oflo] s.^o]o]^ <=&3.o\{2l2)<^] 

°^^^JL, -^^5i-(<asH)^o-s.*«i, SIS. ^?\]-^ ai^, cam 

^S.^(200)^^s\ sis. 'i^SL<^] cJlt!: sjs ^^-i- al^^sH- 7> 

n^^^l-Lh ^-a^ '^a.e^ '<-i« 1-^(204)0.5.-?- El si #^^S(aleAl^ cflolE-|)7|- 2.=- 

Dijo] He1-ol«^^ ^astH (212)011 2l*><^ -^jL^slJl, o] ^S.i^7} ^S.^JL. ^Sis^m. dJol 
El7l- #^slJi M-^^l. 4^fi1 -f-d ^1^-i-^(204)o.s.-^Elsl cfl«lEl(ol*l-. 

= el-oioiE| oflsc-l^H ^a^slfe Ai:0-<il €Ja.«>«^. Jl^#7I1 -^-J:^^ ^ Si4^ -S-^l 
7> saslcf. «»^7]Ai. Ai«-ta.:^si ^€-Al?>l- sioflja. JL-i-#7ll -^-S:^*!-?! ^1«H. <>] 

(oflsacfl. ^S-oflja-tlS:) ^ -^^isl Aia.^s.;5}.o^ c-flolElsl ^^^o]Tij ^^.^ ^Ag 

tflolE^l- -fr^l«ll ^-g: ^^-i: 7}^ SlS.fe giSJcl-. o) nfl^oj). a^h^^;j>31 ^i^E^- 

^#*f7l -^Itb El-olnl ;^]o1S1S7l- .Q.^SlJl 9X^^^, ^i«.#^Sl hIeaIJLSI -^J^ 
^ #^1- °1e1 El-oloJSj oilJi^^(ojl^cfl. #^oi]jiAlJ:) <iy^S\7\], ^ 

a^V, El-o]ni ;^iol4 5|.7l ^1«>o1 aljasl-al, :*>^^* 

51-71 #lsl-a1 ^^^1- :g#3l^('a!^'S = )7V '^l-g-5l;^l';}-. f^Hflsl ^1-^i^^s.fe ^Efl^^v eI-o] 

= 7]. ^^©Iji, ^>^V;5lol ;ji=.7> 21371 nfl^ofl 4ial^^ol T^^cfjl Sj-fe &;Hl7> SlSiCf. 

a, o] iiiEfl^^ ^#3lsfe, ZL s^s.^^^o] efljHfii^-g-sl ^^^^l^. -f-sl nfl 

^'SSl ^13) ^^-S: '*7l ^efl 7l#Sl §-^1^^ «l|dial-al. cfl*^ cflolElofl cfl^ JL^ 

^211- ^As. *m. ^^sl 'fla.el Ai«-i-s.o.s. ^A^slfe o4>y. B{|jz.si^^o.s. o]^ 

>^m^^l>*fl(tfl7lA);?]-)7V Sial cf^sl oi-S- nJlJZ-el Al«.-i-^o.s.^Elsl f^-tl^:-!- it'gSl A> 
o]ms. i-i-#7Jl Jf^:^^ ^ Sife sisi- ^ll^eVfe 5!<H1 sacf. 

•S- ^'^sl ^1231 ^^■§r, tflolEloll tfl^ ji^^ell- ^.a.^ s>fe, ^^sl ^'S" "lla 
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^ Al-oi^s. 3l^#7I1 "Jl^ ^S.^ ^^oj] a]^v 

^]m^7]xi:^)7} >«7i^i ■^•ji^f'si ^s.^ ^jis^ f's.si ei-^i^j 

SVfe ^'Hl Sicf. 

^ ^T^2] ^^-Br, SllSl^li^ ^^>«1)<H efl^l^Elofl Cflol&ll- 711^ 

o.^«Elsl -t^-iiSLt >^H#S. -^l^aflAi s.^#7fl ^S:^Sf7l "S^ 

^ safe ^s.«fl^*ii- 

■S- ;«i]4Sl ^^"Sr. 27fls1 ^i>«do(l «iefe i^el->H. <=>1 ^Hl sls>o^ .«g7lfe 

^^IjtV* d^Hl^^^S 4= 5a:ii. ^tlSi-dofl ^#i|fe ■¥-*l-7l- ^c-lei-s.. 

ILS. <>>^S>J1 -f-^SVat, -^^IS}- f^SEi-oltjJsl :S#ol>4 SRAM«m DRAM 

BV£i*il 'fls.elsl ^ safe €^'8 = * ^oi] o^cf. 

£1*H ^^^s]fe 'Hlael ^^711 ?i-fe °ll2.el ^J-^]ofl cflsH ^V^^l:!!. 

^7) «^^^ c^ls-e^ A^ti^s-s^ 4^2^ <a^j- Dils.e]^^H.oll ^^)tHlolEl<42l <y 

cHHEl-i- 41^^21 -f^^^^ ^^s^-sl-^ ^^$^-¥-^'- ^s.s^ 
j4 >^7l ol>a- »Hl2.el l-^ ^-a^^^^^ *l-fe ■?-^^^-¥-^^ 

^JlS^ 2)5.1- 7V;^lJi, ^71 ^^^^^zj- t^l^ ^^2^ Sl^ollfe, ^V7l ^A1*^^^ '^i^ 
^s. .^xs^- S)S.<H1 fi1«>«^ ^^^^71- tHl2.e) A^H-i-s-o} ^^zL i^o]E| 

♦ ^JlSj-f-'Hl 7l^5H ^fe -i-efl^ sll;*l.f.El4. «>1 ^^]^^ <U^]^^^ ^ 

olEll- "lei 7iej«i.7l 7>;<lfe *l-fe sls-i- 

a. ^^sl ^n^. Slss-Ai. zL ^ofl, >^7l ^-a^^l^^^ YS:^ ^ 

S-ofl 5a«H^l2) ^71 ofla.el A^«^a.s^ -^•71 «a*1^3:s) o] 

^-t-^Vfe ^■t^^SsH- 7Hui. ^t-^^<fl ^ssl ;a#«fl 
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5E, -g- ^^21 ^]23\ ^n^. -^7] ^s.^ 3^S.ofl ^<H. Diiae^ 

SIM ^<»lc1-. 
a. ■& -a-^fe, '^i^ nfl£El^S.ol| Sl*H T^^^Slfe "^^^ 'flS.el A^a. 

^^^^s. ^--a^^l^^^ ^s^. -^^^ "^^l 04;^. Ai 

Dflssl ^J:^ ^Sfe. 'S-?! -^-^a^^l^^ A^al.^ fil^H ^ 

^EllZl 5|);^1^E121-. ^V7l ^Al^^«.3V v\]3.^ ^±3^ S\S.<=^] 9X°]^^S] ^7] ^]3.^ 

^4. ell^^l^ei vflsl <aAlAlifil -^-J:^ ^^1- ^^isj-Ji, cf^.2.S -f^d 

^7] Dfl2.E]^ = S.^El C}^^^ ^'y^^7> ^SL^ A^^f-Sfi] ^71 #Efl 

>a-7l ;H12 ^ ^13S^ -?-:E3^ sa'H'H. ^7l E^ojoj sjs.^, Al5:A^3^. o] 

-i-sV<^ ^7] Tflis] >tl3:'t!<^ 7l^;5l#^-S-^^-a- '*7l ;^12S^ 

^±^<^ ^^i^sl ^^V^^^ *>^^ ^t-^^if* T^alSV^a. ^71 M7fl2l 

Ci|o]El oJ^-a^S-^Ei •a^-ao.S.JfEl <a^3^fe 'S-7l M7flSl tflolelSl 0 Sfe I7flfil 711^ 
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^Si-tdsl-sl A>oioji 7ll;»fl*Vfe a?<HS. sm^l ^l^l ^"l^lfi^. ^7] ms] S^^l^^i 
^7l ^^^^^2] 2\z^2\ =Hl*V<»>^l«l-fe 7Hfe ^o) aV^ 

^^^^ ^■i-^'a-^. ^^-71 tfloiEi eji^iiEife oi TEf^^^ ^■i-^'a-i- ^i<^«i-fe 

N711 cfloiE^i- •fi-;^lsVfe ellsl^i ^^^H ell^l^Elsq-, ^7] ^^^^ ^^]^ 

iHlslfii ^M]^ ^^^^^'S^j., M7fls1 ^^^^ ^^^'a^ 7ll;»fl«V«i ^7) 

^.^jL^^ia.^ 7W*1•«^ ^7l ;H12S1 AlSLAdofl ellslfiiii^#i^-sl ^V^^l- ^#«l-fe 

f^}^^ >8-7l iSl5lf!ii ^^^H i^l^^l^Efofl -fr^m N7llsl cil«>lElsl 

0 isl 711^011 n^efAl ^7] cflolEl ell;^>iEiS.^El >*7l i^^^Ji^ ^^^^Etofl 'Qn^ 
^7l M711S1 tnolE^sl 0 ISl 7ll^l- ^^ism 7ll^:g#3lS.l- 7>;^lfe e^ol «>^2l 

>a-7l 7J12S1 ^^-i- ^^^S^7l ^'^Sl ;m42l ^Eflfe. ;*JU2l Al^AlJ^. ol Ai^Ai 

ofl 'SIS. >g^l€ 1 <»1^2l M71131 ^^^^^ljf3f. ol ^^^-S-^^^ Z|Z| 

M7BS1 cfloiEll- z^-z| oj^sVfe M7flsl cil^lEi oj^-d^l-, ;H1221 o] ^]2S] ^J:Ai«H] 

7l^:ji#l- =f-^^^^. ^7] M7flSl ^^^^^^i* 7ll7ileH ^7] ^S.'^<^ 
^^af ^71 71^:?!^ ^^^^t-i- 7l|;»ll5H ^J-7l ^1221 ^S.^o\] ?i^Sf2l 
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^Slfe ^7] M7\{3\ t^]o]B]2\ 0 SEfe ISl 711^1- ^^]t\^ ^^^^ ^^^n ^ 

^7] y(\]^S.^^]^^Si\- ^7] A>o|6ll 7ll7llS>£.S. >g;al8l-^ ^^3^ 

^ ^lofl ^#7^lAl;^«a■j!^. -s-^i ^2s\ ^^.^a^ *«a«V7fl ^^^i^ *f 

;»fll2l H^^l^E^^l 7iio]E:5i^i!|. ^7] Ailis) ^J:>«dj42l AVojojl 7ll;»ll*)-fe ^ols. *V*4 

2] ;mi<?l*HE-l2}-, ^7) y({]22\ TflolB^^Jll. ^7) ;H1221 ^^^d^fS^ A>oloil 7fl 

7ll«>fe 3^cHs. t}^2\ ^22\ ^^'^^ ^^^1 ;H1 

£. >a-7l ;«113S1 ^^-g- ^'^^*>7l JH*Voi. •& ^"^sl ;H11031 -S-Eflfe. ^S.^^, o] ^ 

i^ofl .^^S. 2 oj^Sl M7llSl ^^^^4. <>1 'S^^^ ^^^^^ 

z^z^ ;Hlo1«l-fe M7l|Sl ^lolEll- z^z^ -^^^^ ^^]±.^Si^. ^S.^^, o] ?\]2 

Si ^S.^<^ z^zf -asm N7lla1 5!fl5l^i!i-g- =?-^'t'&^, ^] n^^^^ 

^^^^ ^-i-'l^ici-^ ^W}^ N71121 c^lojE^i- zi-zl- -B-^lcVfe eJls^^^ ^^^H efl 

^71 ;m2s1 >a3:>tlofl ^^1« ^^^^ ^^B. ^7l M7HS1 
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a. «7l ;fll4Sl "g^g*^?] JH*|-<^. ^ ^'^Sj ^dUlSl ^n^. z^zt ^"HS. 17I1S1 :8 

^S.^^ ^#*Val. '•fllSl ^ ;H1221 7Hfe ^^^^^ 

z^-z)- >giilslJi, -^71 €^^-S-^ eflAl3^s.fi1 ^#El-ol'?)^ ;«Jlolsm 'r'a^ T^al^Vfe ^-i- 

ms] MOS Siffl^l^Elfil-, :£5ll<?]ol ^7] #^ii^^<^11 ^^s]^ ;^12£^1^S1 :^]2s] 

MOS S^E^liE^S}-, 4li^7V ^^^^ i:L-f^<Hl ^^SlJl, =i5il<?l<5l '^■71 

^'■71 ;«111H^^S1 ^13S1 MOS H^^l^^iE^af. -S.5Hl<aol ^7) ;»Jl2 

MOS Bija^l^B^s] Tiloje ^ ;H122] MOS B^^l^ElS] Tfloie?]- ^?»|| >«J-7l ;m2Sl 
0.C01] ^^5|jL, '^■71 ^1321 MOS 7\]o]E. ^ ;*I14S1 MOS B^^]^^^ Tflo] 

H71- ^^41 >*7i %^b^^s.<^ ^^sIji. ^231 MOS B.^^]±.^sn ±^^^7} ^ 
7] -tiJi-^d^fl ^7] MOS ±SLdi7} >a-7i ;»ii2si Ai^L-a 

oil ^^slfe «>^3l*V4. 

a. '8-71 S.^^ MOS H€^1^Hl7l- Pill^ MOS B^^liiiElolji, ^^7] ;«fl2Sl 

MOS B^^^^7\ MOS Biffl^liliElol ^ol M>^3}efc}-. 

SE. 'a-71 S.^^ MOS m€^l^El7> N^ll'i MOS BSfi^l^H-lolji, ^^7] S.^ 

^ MOS S'a^liiit^7|- P^ill^ MOS B^^^li^Elol esJ«») 
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a^<H5. 7Mlfe Bf^^lSl-'^. 

^>7l ^%7t^] ell'i^^^'&ol, 4^7) ^^^^^ efl^lsl^sq- ^7] ^Hll^l ^^^^ ii-f 
S-S+s] ^}o]d\] ^*lslfe MOS BSS^liiiEi S.^ ^]2^^^2] MOS 

7m^^ ^"HS ^2fil 

^^1 >«il7S.l- #2:*V«^, •& ^'gsl 'y-EflSl ^S.ff^^ S\S.<^] cfl*l-«^ ^'Hl*! 
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■& ^'gsi ^1121 ^ns\ ^sfe, ^a^i^-i^^^Hi "^s.^ ^''^*>fe ^""^ 

^^^^^ ^S-^ 7)-^^ -^-a^^^l- <?i^ '^5121 

^V5a, oi BiE^SLSl -^Mf'*'!!. -S-^l -^--a^?!^^ -¥-:£^ s^5^o^ ^e} 

>tl3:sl ^3:^7l- ^. «l5H3?S.o1| -a^slol safe i:f-§-sl -f-Si^^al 

^ ^^31 31S.<H1 «>2l- ^o], % '^'^^ "112-2^ ^i^al- 

s-s^ alEAij:7K <a-^ D(|2.e) A^u-as-s^ ujEAi^lsl -^Ji^f'"!! ^1^^ Bl5lSlS.ofl 

^^s}fe ^1^>^ 71^V sl^ll ^ja.7> Sl^s-s. <?1>8- -HlS-el-i-^ 

^,^1.7^^1^ oa>i^ °fl2.el ^S.^ ^]^^ 'S^^ ^ 5a:a. '=^^ ^3.^s>\ <'^^]^^^ 

ovefloii. ^ ^igsl ^n^^ '4^v9 ^^^^-S: -g^l 

;fll£fe. •& ^'^^ -S^^ -^^^ ^^7> al-8-€ 'HlS.el-i-^fil l-gAlcflsl 7ll 

^s.^ ^s.(oi«v, 'Hl^ Hs^oHE) onsc-i afe iHl"?! "asc-je^ji ^)(i2) 

efln lHl^1iEl3lS.(S£fe cflolEi Zfl:*l^S)( 18)24. SBl-*l«H^5lS.(20)fil-, <as= S]S.(22)«- 
7M1JI. AiH.!-^ <asc-)(i4)fe. ell^l^S(24)fil-. H2l-<*l«HE)^S.(26)sf. -?ils£.3ls.(28)l- 
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^)(32)(Bi. B2 B„)^S. ol^ojxlji, Aiti.l-s.(32)^. CAM «flS.e1>iol o] 

(o]«>, -91 = 31-31 ^)(34)(Wo, Wi WJS. ^Ajsj^ Ala.o^efloKCAM'a «.<H eJloD^sj.. 

1:^*1 0 >tl« ^ = (34)o>4 -a-^*}^ iNl^)i^e1(36)(Ri. R2 RJl- 7>^U, a -S"?] 

21- 4qs.(34)s1 'U^]^^^:i!^i^m. cflolEl iEfe alS-tia: HlolEie1-ai ^)sl OR(feel 

7>;^H. o] OR ^S.S\ -t^-g-. ^#«^^ ''•IM^^ <?!lat:-l(i4)s1 efl^l 

;Hl2Hofl <a2C-1(12)2l l-gAloflsl M-Ej-HScf. 

■§- S.^<HlAl, Dil<?l -^asi:-] (12)21 SalJflAl3ls(>y^=- iHal^S)(16)^. <^3.vi\a2)2\ 
He^oi<^El^^(20) ^ 9!lS^5lS.(22)7K ^cf o.a^^^7]. ^o. ^3.(32)0] s-eflzi c-fl 

(oflsH)*)-:;! safe ^'Jt'^l, cf-i-^ ^^y^^sl A^H-i-s.(32)s) sjl;^l>iE-|(36)°l] -B-^ls1:ii Si 

alS-Aii cflolEll- z]- 4q£(34)(Wo, W, WJ«m <a^«H ^7) ^o]jL^ m+l 

7ll£l 0 EBfe 121 cfloiEli- <aA)^o.s -B-^UV^t!- ^o)^ ■¥-^ol€- #:a, tfloiEl 

Ai^s. Hl5l5ls.(16)fe. "il*?! «?ilsc1(i2)s1 onsH. ojS-efli 2l*1-«>1. 

i!ll^»l-&:£SV3i 5a«a zl- ^=.(34)51 «flo|Ell- tfloiEl EllAlsls(i8)ofl sfliHl^ 

sn1(14H <d^€ C1--S-S1 -fAH^^o^ Aitil-a.(32)s1 bIeaIj^ tflolEi-i- 2^ ^s. 

tflolEl efli<1^S.(18)fe. -ti*^ Hlsil^S.(16)sl- ''>^7HS. m+ 171121 IBIH cfloiE^l- eflAl 

■i-H.«i|-7l 51-e.S.Ai. zl- ^ = {34)(Wo. W, WJSI MlS>tI5: t-llolEl. ^*1 ^^21 al 

m-tlJl-l- alB-tl^ c-llolEls.-^El ±^is\ ^Ai^^ofl nl-El-Al. =e1-o1olEl3l5.(20)7> *1- 
M-21 ^S. olS-Ell^^ofl U1BA1:&{1)# iH]olEi» #e1-vflji, ol5j^ o5s^3lS.(22)7V 

■¥-2:^5l-fe sn-oisi-jii, 2.S. oieA]^(i)7i- ^j.^s;7l7>;^l2l avohi ^7] hIsai^ 

c||o|e:|^ ^^]t}c^ ^7] ^ojcl-. ol z^]o]^] ell*l3]S.(18)fe, -f'a^^7l- ^E. ^l 

= iSli2l HieAi3:(i)7l- -^-jS.^^ nfloVcl- o| <Hs.5ll^2i BlE^J:(i)fe elAflEsiH^ 
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o]^ #J1, oliJl- ^ol cJlolEi efl^lSlSS ^^^syo^S. THlojBl «m^l>iEl ■i-o.s. 

7} n. ^ ^n^^ "U^l-tlSl-i- ^^ = (34)31 m+l7Ds1 "a^-tlS:* 

+^^^«>fl ^ViSllS. m+l7lla1 =efoio^E;^s.ja.4i 

(40)(40o. 40i. ....40J1- i^tir^l-. c^7]/^ t\t^Si\ ^i^o]o]T£]3t{S.£.±{o]^, 

^)(40)fe. ;Hi2^aja-4i(40i)# cfla-fls «v«^>H u^'S^Kii)*!! *a^sife «a^>ti 

BllEi.aj(^)o.s. ;«flol5lfe NX||^ MOS S.5a^li^El(44)(Ni) P^ll^ MOS B€ 
;^l:irE^(46)(P^)^^■ NMOS B^^]^mU)Si\ ±2.^^^ ^ S.efl?1^^2f-i- 'S^^S. t}2L. 

«a^7|Al,NM0S B^^1^El(Ni)Sl diii^i^)'8- ii-fS(Qo)°il><--1 ^^^s\ 

S.A4i(40o)2l NMOS B^;^lr^iEl(No)2l cf^^s^ ^^("ilfitfl. S.5^1<y^Wl 'S^sl^a. 
NMOS BSS^l:iEi(Ni)Sl ^^^S] ^^(oil^lcfl, ^eH-y^^)^, ln-f :£(Q,HAi Sj-^SlS.^ 
±U02)3\ MOS H^^lri^E-KNa)^ tb^s] ^i^(oil?icfl, 

olelcV^i, NMOS B^;^l^El(No), (Ni). (Nj) (Njfe ii-f = (Qo). (Qi), (Q2) (Qm-iH 

fi1«><^ Alel-gS. ^#^cf. NMOS H^^li^E-l(N 

j$\ oVHJl^al :ii^^(QJ^ OR #^'a^Kor)oll o] OR %%^A{or)^ 

Blsl5jS(16)Sl A ajS-ofl ?l«lEl(49)l- 7l)7B8l-o^ ^#€4. a, ^^'cl-^l NMOS S^^liii 
El(No)Sl ^^Cfl^cl). 4:iii^^)'a: 0^ i4efvl|fe ^^C-tl^^EflH ji;g, 

^€.PMOS S€^1^eKP 

0). (P,). (Pa) (PJSl iiiir^^)^ 1^ x+E?.iflfe 

^)^. 42+ £fe (Qo). (Qi). (Q2) (Qn.)^l ^^€^1-. <^7lAi, 01 NMOS BS5^]^E.1?VS1 

^^(itiLiii^^2|. S.eflol:?i^)s| ^^S\ nJ-<8=-8-. NMOS H^^l^i^EKN 

0), (N,). (Nz), .... (NJ7> Ale^<§ ^ SX^^ ^>cfltJ-^<^lB^H #4. PMOS BSfi^l^^l 

(Po)~(PmH 'fl*!^'^^ ol.;5V7Holcf. :^o] sH^l m+1 m+ 1 #^21 H.hJ-oH 
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oj^ol i©!^, Ni m€^liiiEl(44)7V OFF*l-al, Pi S.Sfi^l:ii^ (46)71- ON^cl-. t^el-'M «>1 Pi 

Bss^iiEi(46)«ii Qi i^^s-fe IS. -g^tb^. ii "a^**! ooi^ n, ^.^^±.^(44)7} 

ON«^al. Pi S«^li=iBl(46)fe OFF^cf. n^e^>H Qi ici-fS.^ Qq it-fS-Sl fcal 

oil € ^ Sil^. Ik*i=1o1^. iii-?-s.(QkM)2l >tl3:-*Bflfe 1, tb€ lk*i=0«*l^ Qk*i=Qk<>U. 

ol ;Hl2H°fl'^i. I^d^'^l 1°)^. ^"^l ^-S-«Vfe ^e^-g^^ NMOS BSS^l^El 

(44)(N)7> OFPsVii 91^ ^^]. °1 Sife NMOS S'ifi^]:iEl(44)^7>^lfe ^«J:(MaS)^l 

^2., 2.^ IS. €^1-. til-efA^, ;*il<^^^ oo) o]z]y7M sa^^l-l- feEl<aA].^s.(48) 

5: Ool Q„ rt^el-A^ OR #^'&^Kor)o^l^7>;^l ^^i^Jl. m-H «a^-yS:oj| lo] 

Sife- ^''l ol Aia.-i-s.sl alEAlj: z^]o\^]S\ ^ HlB'tlSlSl =Bl-oHEl -^^ol ^S. 

olel*>«^, ^m^^ ol5|^S(16)o9 eflAll-H.J^oi safe c^-i-sl -9->ti^^lsl BlB^tlS: tflol 

Ell- cfloiEi ei|Aisis.(l8)ofl «a^7>¥?»l «>:a. a ^ Aia-i-s. oist:-l(i4)ofl sl*H 

4^ cl-i-si ^<d^^5l HlB-tlJi: tiloiEisi «lstl^s(i6)ssl ^a-^'S^ol 7>^^ ^ 

<^7lAi, ;^2£.«H1 £Al^ fee|^A>3qS.(48)fe. Alel«a^^Slfe NMOS Hi!!!:^! AiEl(44)(N,)2l 
HiNl?l-iiii2.:t:LVsl ^ iiJ?- = ( Qo)^ ii-?-^(Qi)2l-s1 feH^Al^l «llEt^ 

a|^(eii€elAl« OR : Exclusive 0R)» <i]^mi]^]^ OR tI) HCExclusive OR n] 
o]m : MV^jtl^S.)(48a)S. ^a^^t^. ^1 feeloaAV3js(48)ollAife, ic-^S.(Qo)Sl- ic-?-H(Qi) 
7V ^. :^S..fi.4i(40i)al NMOS H^^l AtEl(44)(N,)Sl ii-f = (Qo)^V^l^ ^^^H'd 

S. O^l ^^VS)<H Si^^l^V, iL^-=(Qi)^'Wfe ^^^Hl^lAl^ ool ^Sl-slol Sl;^l U-B: ^ 
Ai#EiAlti OR 7flolE(48a)7> 1^ i^^ = (Qo)2l- ic^^(Q,)7> 'a^KO)^!^ #^ 
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Jgcf. <4?itfl. ^2£.«^ =efoHEl^S.(20HAi, io=0, 

l2=loi5a4ji 5>^, Qo=0. Q,=Q2=...Qm=l^ ^^.S.. #^ 0,=1S. sl^i. # 

^ Oo=02=.. =0„=O^S ^4. «1 Qi ^n^M ^o]^ Efl^l^SdS). (18i)l- 31>H1^ 

lj=0. nJ-e}-Ai, Nm€^l^tK44)(Ni)fe ON. Pm€^l^El(46)(P,)fe OFFS. il«H>H it 
^=(Q,=Qo=0. o^7lAi. NSSfl^l^EKNz)^ OFFi^al sa^l-:;! t}^ t-f^ Qo=Qi=0, ic-f = 

Ai =e)-oHE;sis(20)°ll sisH ^Vi^ls. <?ns:£Sls(22)«Hl ^^1<^1. l cfl-s- 

(18)°11 eli;Sl-t-^s]cH oitg HlEAi:S:(i)^ ^)-^]^ elAflesl-c.^ ^fVci-. olels><^, ^^s\ 

21 :ii^^(QJoilfe tflojE^ 0<^1 ^i'SslJii, OR %n^^Kor)S.^^ ^tH^(49)o1|'H 
"J^iSlol, ZL «V^i^1 lo) cflolE-l efl:3;l3)S.(18)Sl ^S;S.ofl <?J^Slal, >«d^^ JJi3lS.{16) 

*|s.(i6Hfe. ''lei >^1«1-^ «asc-1(i4H -a^Slol SI'S 4-S- -f-a^fl^ 

(36)S.-¥-El ;a*sJ<H s.^ ^o>. cll7l^ ^A7> Si^H-S.. Jl^#711 ^ sa^l-. 

<as=5|S(20)fe. Sel-ololE^:^s.(18)S^E.1 ^}^]s. #^Ai^oi] sl^ «vm- 

<^jfc]AlJ:2l <Hssl)i«- 3.^i^t}7] ^t.V ^^^^1 4qH(34)(Wo, W,, Wz WJofl 

cfl-S-S>fe #^^aKQo), (Qi), (Qz) (Qm) ^-1^ ^^eili* ^Jl^*>7l ^^V 

SAl.m+l<2LS. Slfe ^4iSl Lofl cll«M.LtilSSl S = Sl-71 L7BS1 «Sc 
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eil:i^(50), (50o, 50i. SOz 50u-i)^. ^^s] <HS.Bll^^(50)ofl •¥•^3^:2. ^ 

Si n ■t^'a-^KOo), (Oi). (O2) (0„)^-¥-ElSl ^^^'^] ^^slfe ^^lE^?^liEl(52)S. 

ol^ol:5lc^.. o^7lAl, L711S] S.€- ^S-e^l^-iKsOo). (50i), (SOg) (50l-i)^ ^^'S^'Hl 

^ ^iKro). (ri), (rs) (a-i)* ^^ofl ^^:^ui(£fe 1 ^i^ls. :n.^is\jL). Al- 

,...A2. A,. Ao^l L «1BS1 ^ sas.^ E«^1^E1(52)7> -^^^^c)-. 

^. ofl^icfl #^'cJ:^(Oo)^S^El t-^-id^ L7fl2l <H:E.iifl>:-a(50o)--(5OL-iH ^#5) 

si #^0] i4H^lfe 0«a "a. Al-i=...=A2=Aj=Ao=OS. sJol>H. (Au- 

,...A2. Ai. Ao)=(0-0. 0. 0)^ M-El-H«cV. c|.-i.o(|. ^ ^»i*||sl o1 = eflih(W,). 

(W2)«^ cJl-g-aVfe #^^t^V(0,) ^ (02)sl #^>5d^. ^B.^^^i50Q) ^ (50i)^ ^1^ 
L-2711S1 «HS.iJlliii>ti(50,)~(50L-i) 9! (50o). (502)~(50l-iH ^^^Ife L-27l|sl ^g^^lB 
€5^1^eK52)s1 TilolB^^ofl ^^^:^HO0 ^ (02)^'='l 1^ € «H. z^^l (Al- 

,...A2. A,. Ao)=(0-0. 0. 0) ^ (0-0, 1. 0)^ ^E^H«cl-. ^^s] ^E. 

ojceflit* q-El-iflHS. ^xlEij£^]ii,E](52)7> 4 oice^)^A}(5o)ofl ^^^gcf. e^l?icfl, 
m+l=2L^ nfl, ^^sl #^^^>Sl (OJ#^'a^. <H^iHli>«d(50u-,H ■¥-A'-s1fe ^^jSiSS^) 
^eK52)s1 7llolEoi)D]. #^'^;tKOJ°J 1"^ (AL-1...A2, Ai, Ao)=(01...1. 1, 

;^KOo), (O,). (O2) (0J7V 0<?l°fl. (AL-1...A2. A,, Ao)=(l "l. 1, 1)(^^ D* M-E^^acf. ofl 

cl-g-ofl, ;M13S.«^1 «d!SDl(i4)sl l-a>».Hlsl -i-s-s.!. SAi^cf. ^ 5.^6(1 5. 

Altb c-D-^lEl 2l|*ialS.(24). H.Hl-oHEl^S(26) 5l SlS.(28)fe. z^zj" ^^^^^Vfe -frMB 

si ^7> n7llofl m+l7ll<?l ^-i- ^sls>ai, 7)^^0.5.^ ;«!l2£.^ c-II«>1e1 efl^] 

SlS.(18). S2l-ol<H El ^3.(20) ^ <?!IS = S1S.(22)SI ^'"^sf o>^7Mlfil M-Efiflfe 
ojss.. sUs.^'^i-Br '=^7]A^. '^IJ.*^ «?nsc-i (14)011 Aife, fflSBl >H 

al-^OzXB,), (B2) (BnMc^ ^^l^-ai^Hl. z| "HISLaI AiHi.s.(32)ofl jaol 

A-lsl ^itl^-41|^2l-. ^ «lS-tl3: ^l|olEl7l- i!Jl;^li^Ei(36H -fi-;^l^:Bl- -i-AHl, A^ol^^(32)ifl 
si SAlol.;;^! OR^S. f-ofl slSH, A^H.l-s.(32)ifloil tflolE^sl- <a^l«- q-El-'fl ^ 

S.(34)(BlB4q:=. £fe oll;Sl^^=)7l- #;^llSl-fe7>Sl ol-?-!: M-El-vflfe AiH^-s. hIeaIJ:!- ^ 
^^Alflol, ol5J^ cfl-§-sVfe Aiti^s.(32)s1 t1)o]E^ Efl^lSlS.(24H -8-^1 ^mcf. o|^7ll ^M. 
m]^ms. AiHl-3.(32)o^ oj^i^Ajjoj ^A^l- a^s^ ^«fl;^lal, Aiti^^(32)sl ^^]^^ 
(36)ofl «lH-tI5: c)lolEl7> -B-^lSlfe 5Jofl nl-sl-A^. ^s.a] e a)s.71- iH)o1e1 eflAl3;^(24)oJl 
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t!-^, o] oilscl(i4)s1 =e1-oltHE)^s.(26HAi^. ^Ai^^o)] ul-el-A^, £. 

AjciloilAi^ -f^^ cfloltl eflAl5?S.(24H1 l-^alS-ils 

§ ^^c^ Bil;»liiiEl(36)iflsl cflolE]^ Bj^ <Jil2C-l(l2)sl -SiW tH3»)^S.(16)7l- 

Bfliii 'if^ ^^^1 -T-S:^ feel <HS.i3l:;rS.Ai ;i>iSlS. 

5.(10)fe, SL^ 9^^^ ^S.^\ >-i«.-i-^(30)sl SL^ ^S.^ ^^ = (34)s^ HlS^:£l- feel <HS. 

-i-^OOHl sVM-s^ Dfloi <?3l3c-1(i2)sV sm-sj <?!!si:-i(i4)fi}-l- ^^]^ <4 

* ;<llAlel.jl Sio.^. "i^^^ «H gjrji, ;H129S.«^ S^^]^ 9^.^ iH|a.El(200H 

^zflsl ^S.(210)fif «f^7Hs. ^^s1 nflael ■i-^(30)«>fl 

^^''ll, -S- ^'gsl ■¥•3:^ ^SCIOH A>^sife ^H;^^ ulJil^s.(l6)a1 31s.^a^ ^ 

(162)» ;*«4S.«^ 

■S- a^oJl HAl^V Hfii)- :y-ol A^H.-i-s.(32)(B,)s1 etl^l:iEl(36)(Ro)'Hl ^^=1 

S>M-(So)l- cflaoHS-Ai 27fl2l NMOS m^^1iEl(163). (164)1- 
«^ ^-^J^cf. n i^*l^lS)S.(160)(So. Si Sjsj B?l^liiiEl(163)fil ^i^{ofl^cfl. 
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^-iNl-U^^)^ cfl-g-«Vfe 'a^'5d(165)(Lo. Li UH A -^1 «#^(32)(Bi. B2 BJ 

01-14 ^^S. ^^S\JL, ^t^-tKL)^ -a^^ olJflS^S(16H ^^€14. 4 iii^^lsl^ 

(leOKSo, Si Sjs\ e^^l^E] (163)31 TflolH^^-S: ^iw-l-^ X(32)vfloi] oXo]X] m. 

^-a^'5d(167H 'g^S. AND 5lS.(166)°)l ^#€cf. z^" >i^^]Sl5.(160)(So, S, 

SJ21 cf^-^sl H€^]^^(164)s1 Tflolm^i^^ iNl;^l>iEl(36)sl (Ro. Ri 

=e^^>o]-;^lsl-^ Se|*1-oH E^;^litEloi pMOS m€^l^El(168)(PCo, PC,, 
PC„)S ol^ol;»]ji, PMOS(168)(PCo, PCi, PC„)Sl ^^Sj '4€^ 
zl- «a^^(165)(U, Li, L„,)«»(| TflolB^^* E.s\^}<*\^]^S.^iil69)<^ 

HlBia^S.(16)fe, '^IS 'ttill'S^^o.S »8S 2711S1 ?HHE}(170) S (172)«f, ?1»1E) 

(170) ?j (i72)si A^|<^*^7l ^i* *^J^*^7l eii*i'i!i>5!i(i74) « 

(175)S ^-^^^ (m+l)7BSl ^olEl 7V:5!'4. 'SS^a^ ?I«He1(170) ^ (I72)sl «a^-^ 

C1-. Si, Zli:*l't!:£ '3(174)^ 'yBlEl(i70)fi1 €Sl-ill:^^V 5J 9l^^{172)s] ^^^S^^^^S.^^}<^ 
^#£lui, Hl|Al't!3:-5d(175)-Sr ^«HEl(i72)sl SSft^S:!*;*}^ 55 ol»Hel(170)sl tt^eHlr-tlJiia^^V 
•HI 

£, AND S1S{166)21 ^«2l '^^^^ffe, <331^ti(14)sl t-flolEi eBA1S1s.(24)(^-8- S.^o] 

;«lH-tl:£'a(176)ofl ^^€«4. ^1<H^^^(176), =el*l-o>?LiAi3:Ai(l69), sfl^l^i-t! 
(174) 95 (i75)fe, 21- ns.^ *2^Ei-c.i°o'^ ^ol*l-fe Ej-oinj xfloiaisoq ^^€4. 

cl-§-»fl, -tV^^ iH=)SlS.(16)sl =Bl3||SU'Si*^)*^"»fl -^"S^c}.. 

^^H, «elsV6M-tl:S:-ti(169)-g- LSS^^i PMOS(168)(PCo, PC,, PCm)^ S-^ ^9}:^., »H 
Bi^S.(16)sl (m+l)7l)a) <a^-?d(U, U, U)-i- ii^a^JHofl S.^^}o}^]^^. 

t^^<^ Bfol-S ;«ll«H^a(l78)ol| =el*hoV;»l'tll:>i!(169)-g- HS«|-«^ (m+l)7llfi| PMOS(168) 

# i«S. -^^loil, J«(l<H-a(l76)-S- 1(H)S. eH-^l «aac1(14)3l cflolEl EB;al^S(24) 

oil i-^HiE^s: lol eJAl*H£|ol sl^ cv^sl -f^^^Kofl-a 'fflacl(i2)7V «?Sa=sVji a1« 
^^ol cV^fil 4-a^^l)Sl -«^la.-i:^(32)(BI)S< •i-^HlS-tli 1-S- AND S^S(166)<>11 -a^if**!, 
'H«-i-^(32)(Bi)fil ■i-^'!d'^^(167)-g- -gr^c^. 

d-^sl ^.Ai^^lsl Alal.s.(32)(Bi)«>l -d^sjoi, tfl-§-«Vfe AND ^S(166)»fl slsM •i-^>id^'t! 
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(167)ol H(*Hsfl'a)S. SJ-a, sl|^liEl(136)f' wlS-tlid)!- -fi-^lsVul SI'S ell^l^El(36)(R,)<Kl ZL 

(164)^. ejai o]B.s.. i-^^d^'tioi Hs. slc■^^^-£. <a^ 

«>MSH. 'd^€ -H^-i-^(32)(Bi)sl ^^^^i36)(lio. Ri Rm)^} 5Kl : «1 

H-tlJ:. 0: 42^->H, <a^^(165)(Lo. L, Ljs\ ^*l7> ^^l^o] 

<^7lA^. -*d^^ »Hitl^S.(16)Sl efl^l^S'a(174) ^ (175H eH^jAlj^l- ^Ji. ^i^s. o^ji) 

<^7lA^ o]«lEl(170) ^ (172)21 <?J^^2l <3^^-8: 2fl;^1iEl(36)2}- ^cfl ^1 

c-iloiE^7> 2fl^tl^ ^(18)011 °] ^^]. o1iil5)^(16)fe -^-t^ 5)1- 

o) sH^^ tf^^l -f-a^^sl A^u^s.(32)2^ eflx^l^E-i (36)21 ulB-tl^ tfloie^l- 

^-^21 «L;£a^. ^S.(10)fe. ;«il2S. ^ ^3S.ol| =2f<»HEl3^S.(20), 

(26) ^ ^S=^S(22). (28)S. o1^<H^lfe 5}<Hl ^jl. f-efl. ^;^l2l HsI-oHeI 

Sis. % <aiaH.4ls.l- A>.8-*Hs =efoHE) ^a}- ^ ::i ;^V^2l ^ 

5j7l ;H15H. ^6S.. y^7S.<^ S^M^ =2^-o1<He13|S(180) 9? -aaS.SlS.(190)* ^ 

-8-«1-fe ^<»lei-£. •§•€:, =2l-<»lolEl3]S.(180)-i- ;m2£.«>fl S.-*-!^ si 5.(22)2}- 2i 

;«ll5S.°fl i^lt!- =e1-oi<HEl^s(i80)fe, 3?l]#.e.S. ol^-H^l:;!, ^*>^2l 7il#^. I67l]2l 4 

<a^Sl 4i'a^2l =el-ololE;3l5(olc>, -B-qS5lS.el-al ^)(182)^ oie.ol;^lj7, ^^^]^^ 
47l|2l -f-'^t!- 4'?J^<>1 4l'c!-^ =2l-o1olElSlS(184)^ ol-f-ol;^lJL, 21^^21 ^\%-B:, l7ll2l 

■S-'St!- 4<a^ ±^^4] =el-o1olElSlS.(186)S. o]^o\:^v^. 
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^. ol =2l-<»l«HEl^S.(180)sl 647l|s^ <^^^B:. l^-f-ofl 47fl'i^al i6rLl-o.s. iil-^s)<H si 
Tfl ^4. zi^jL. «>M-sl rLl-s) 4«a^-g- 'a-fls. di^a-^ =efoic^El^s.(l82)7> 
i^oi, 16711 AV^^cf. o] i67l|sl ±.^^ =efoHEl^s.(i82)fe, 47^$] ZL^3.S. OL^ 
^J^ji. *msl ^l-a- 47l|sl ^qE^s.(i82)S. ol^<H^lJi. ol T^^J*>fe 4711S1 

-B-^B^S(182)fe f'^VTfl'S'* ^-^JSj-fe «m-sl 4i^^l =e^oHEl^s.(l84)i4 ^^€cf. 

ZISIjI, ol 4711S1 -S-l-lESjS(184)fe. Smsl 5j<H>«.1 ^^a-^TJI-fSl =2t^ol 

olEl^S.(186H 

;«I15£«>11 H^lt!- =el-oHEl3ls.(l80)fe. 64<?}^^ 4<a^oi -B-qs3)^(i82), (184) 

^ (186)^ ^^^^i-^s. sVfe 3;^lf'^^l- 7>^lJi sl-^M-. ^ «*H] tl-^sl^l 

*J^==r. -B-v^E3i|s.sl it;^).^ 9J 7^1f^=^=fe ^A<H1 4^ Si^^, ^SJ^ 

^Sl-, -a-qS3lS.2l <a^^oll n|-El-Al 2j ig-*] Aj^i*!"^ ^Cf. 

Si. Tilf'* ^^^Sl-fe -B-i-l:S2l^(182), (184) ^ (186)fe ■i-<a^V °J^/rSl 5!^ '^V-g-*)- 
31 o;io.»4_ ^ ^rg o. ojofl ^;gsl^l ^Ji, cfsc-lEj-s. ^cf. -B-MsSl^sl <a^4^fe ^-g-^ 
ol, =el-oHEl3l ^^^£1- ^e^^c-iife #o.u|., ui^ 2^0.^, ^-qe^S-Sl ^71- 

^of^^lJl, 7il^£ *7Hl-7l nfl^-ofl. £^ -f-^Sl-fe ^^315.7)- ^7l-Sl-7l nfl 

§.ofl «i-^aje>;^i sircf. lI^E^->«■^. ^^g^ii sioiA-i^, 2.^ "a^^i^f z^- ^}-%-^ sa 
^4^1- ^«>^. ^n^sn O.S. 

4iia^l Se|-ol«>lEl^S.(182)fe. ;«fl65.(a)ofl S.-^]^ v\s]. :^o], sft^, ^ ^it]7} 
ol-;^)H^ ^A^slJi. 47l|sl <Qn^mio). Ol). (I2) ^ (l3)^4 47l|sl #^'a;^KOo). (O,). (O2) 5J 
(Oa)^)-. ^oflol-t-tlS: 'a^ia^Ke)^!- feel^COR) %^^^ior)si^. 47llsl =2l-ololElSlS. 
(188). (I880. I881. I882 ^ 1883)1- 7>^cl.. 

c^7H £>«-11lV 31^^^(188)^. ^l-S-sl^ fe2l<?!<+5l5.(48)7K oioiloll-Al J: <a^ta;iKe)» 
7HJ1, «*l7loiiAi oj^sj^ o]ofloi^Aij:ofl 2l*H %^^^slfe fee^ ^>i]-3l ^^^^ ^1 
jqsl-jl, ;Hl2£o1] S.Al^V SlS^4i(40)2l- ^'U^ 7l-;^lal Si^S-S. ■g-'St!- T^^^ 

^4ioflfe ■i-'^t!- Sl« -i-olJl. ^ ^'^■a: '^^^W. 
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tb^^S^ ^ jiL;Hl 1 10488 ^1 ^ ) 



;<Jl6J£(a)ofl HAl^V i^e^«S't^■5lS(48)2^ ^-^J-^l* ^17£<^ £a1^Vc}-. ;*1]7£<H1 S^]^ 

fe2l^'i}-SlS.(48)fe. ^ii;€e^-^la. OR Tflo] E(48a)sl-. ^ifi#elAlti OR 7llo)B(48b)S. 

«yi^l<aiifl, o^^#e]Alti. OR 7flolB(48a)fe 1* ^^^JL. ^^M. '=A<^]o]^'^S.(e)7\ 
El«.)o)^, AND 7iloiE(48b)fe #^'ci-;^KQi)oll 1^ #^5V:a, <a^-ti3:7l- ^-8: ?l«fl 

(186)sl7l)^S.o]4. 

£^oi| 3£A]^ -S-qs^S(184) ^ (186)'a-, "S^slfe ^5:1- 

5Hl6£(aH S.^^ ^*l-^7ll^ol -8-MH^S.(182)Sl ■S-'^^ T^'^^^ 71-^1^ 5!«>lS. 

;«fl6S.(b)''fl S'^IIlV -B-MHS}^(184)21 <a ^ "a-^Koro), (on), (org), (ora)^ ^15£<H1 H^l^ 
ajSl-^T^l^^ 4711^ -R-i-lH2l^(l82)s] z^zl-al OR #^(or)<^lcf. «1 -B-MBslS. 

(184)2^ #^(Otk)(K=0, 1, 2, 3)* ^^^SKofkHl tfl-g-sj-fe -fi-qB.5]S(182k)2^ °1 

^ ^ oic}. uj-el-A^, o] -B-u)HS^^(184)s^ or '^^f'oll, lo] Sife?}* OR ^^^I'^i 

■i- ^ SX^, o] OR -8-1-1^31^(184)21 ^lafl5l-oll ^^S) -R-MHS] 3.(1 82)^1 

SE^K -B-MH3^ 3.(184)21 OR "^^.5.3. 5>fe a ^^Tilf-sl -^-^^313.(186) 

♦ ;«fl6i(c)<Hl HAjsj-fecil. o] -B-u|H5l 3.(186)21 ms^U) ^ (b)«>j| S.^]^ -fi- 

MB5|3.(182) ^ (184)21- ^i^ -g-^tb 'S'^t!- «V2l- ^cf. ;«fl6S(c)'>t| 

-a-H-^^^(186)^. 'f'?}-^^^^ T^-^^^Vfe 471)21 -fi-HmSl 3.(184)21 OR 
OR ORk(K=0. 1. 2. 3) «3^o.s. s^.^ 55.^3.^1. «l OR <a^(ORk)«H| tfl-g-^l-fe t'^ 
(OUTo. OUTi, OUT2. OUTs)'^ ^^T^^S] ^ 47II2I -fj-MJE^ 3.(184)21 z^zl-2l o1o(|o11-a1 
^SAl zl-z|sl oloJlol-t-aJfe-a^CE)"!! 

olel«l-o^, 01 -a-qe^ 3.(1 86)21 OR #^(ORk)f'<>ll 1©! safe7l- Sife7l-#. o] -S-qs^s. 
(186)21 OR #^(G0R)<^'^1 1- ^ 9m. 

o] -fi-MS.^ 3(186)^1-^21 «lotlo1-i-Al5:(ENB)fe OUTk^l- SL^ 0 %^t}7]v}^]. ^, OR # 
^(GOR)*! 0^.3. Sl7l^7>;^l ±^S\ #^'il:£7> ^5. -a^^cl-. ^^1)3, -8-^ = 313.(186)21 
#^(OUT 
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^-a- iicl^^lsl n2j-6Htl(i82). (184) 9? (186)-i- ^^V-S-^H. ^"^l ^ 

(20)5+ ^o] uj.7j|f^o.s. cl-<^Al Nm€^l^El(44)l- 3.^ ^]^'^<^ 91^^^ ^-?-<Hl «1«J-^ 
0II4. ^ sa4. <^7l>H or OR t"^ o.s.A-lfe, ;»ll6£«»jl S.^]^ vi}si)r ^o] 

= 2^.010^61(182)31 ^«>^(o|-e11^)sl Si s.Ai( 1883)31 iii-f:=.(Q3)3l >tl:S:'S-Ell(feel:xi)i. a> 
-8-«l-^ ;5Jol|Alfe. teelSl-#^(OR #^)-i: ^a?) ^S.7> ^JSLAlSj^cfoL Sffe ^ 

31 :g OR ^71 if\t}c^. ^^s] OR 711 om^^ AV^«i|-o^£ #4. 

ol^l- ^-a- or OR #^^5. A>^^o.s.Mi, ^oj^V 4i<a^ =e}-<5lolEl(182)'Hl 

£. -^^l- t-^'tlJi^'^l oi <a^^5:7l- e|.^flE5lolA^ 0. OR 0^ 

^ 5^71;^].^]^ j^Ai^^7]- 4;= o^JE-efl^sl u]EAi^7l- Sife -^MS3^S.(182)^ 

1 ^^o| 7]-^^ ^ojE^H, "^^^W^ -fi-MBSl 5.(184)21 #^Aij:7]- 1 si 
Kl-el-^i -S-M.S.5^S(1 82)31 •jlofloi.a.Aijis oBEia)^ si^ <^o. gjj, 

o.qE^S.(182)^ 1 #^.1- ^ ^ Siu^. ziem, ojsi ^Aj^^si ^qE3l^(i82)2l OR 
#^ol o^-S. cl-#sl -9-«d$^2l -fi-qB:^ ^(182)21 OR 1 -t^olS-S., 

^1^01 -^qH3l^(l84)£ 1 i^-S-s1 -f-a^^^l -a-vlSl^S.(182)Sl -aofl 

oll-'tls: 1 S. slji, oi -8-uiE2l5.(l82)fe 1 T= Sa^l-. 

^ol ^^°]^ -fi-MB.^s.(l82) >^l-olo)l olH^S:7> ^el Slc^ai-£, 7Hi^-.s. ^^©i 7!-^ 
SVcl-. ;Hl5£ol| S.AltV =s1-ol<HEl(l80)fe 64<a^o1S.S.. ol = iHlifil sm«$«fl^ 6»]B.7\ 
^A*1-J1. 6711S1 olcsfl^i-aol €A«>?11 

;«ll2S.ofl £Ai^ «?Ss=3lS.(22)s4 ^-e- f^all^l ols.;N]^ <?Sst:-11. AV-g-lJ oi 67llsl 

<HS.?!ll:ii'ti3|- ^«f^;^^sl 16711 Sel-oloi El (182)31 zl- 47fl3l ^. ^ 64S1 #^ 

-id=l-l- i^2l *jJ-^o|i xt^el-Al, ;Sxl H«^liiiB^(52)l- 7fl;»(lsFo^ ^^^.2.3.^ 6«lH 

21 ol = ^:£i 514. ojsl- ^ol ^152.011 =Hl.ololEl(i80)<Hlfe ^ 

eflsl <?!isH.^ss. 2l-8-7>%-sf;^l^v. t^^-iisl- •HH.iMl^'Si^ ^^si-fe ^^l^ia^l^Elsl ^ 
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o] nfl&'Hl, ;»il5S.oll '?llSS-3?^(190)fe, ¥^^1 SS+oj-H El (180)^1 z^- 

^ ^A^SVfe n =^1-olo^E^(l82). (184), (186)^. 4 Tllf'nVcl- lH(S>ol)l- 

nl-el-Al. 167l|s1 i^a^l =efololEl(i82)fe 2»]B.^ Al. AO^ 

2711S1 <Hc.^>r^(i92i). (192o)«>fl f^^V^^lf- 47l)Sl =HfoHEl(184)fe 2 

Bl^s; A 

3. Aal- 2711S1 <HciHl>ii^(i923). (1922)ofl ^l^f- l^fl^l ^z^o]o] 

El(186)fe ^fl 2«1SS1 As. A41- 24711S1 «HE.elli^(1925), (1924)<Hl 

S.^^S.^^}^nW^ H.Bl-<^1<HEl(182o)2l- cHH5l|:i^(192i), (192o)^2l cfl£'=ill- 
-a-^tl-cf. HBfololE^(i82o)2l ^ll#^^(Oo)^ <HS.5l)i'«d(192i), (192o)* 

n)-2l-^i. ^]l#^^(Oo)Sl #^^><^1 l[0o, 0,, O2. 03)=(1. 0, 0, 0)]^ ^-ffe 27ll£l 

^]±^i52)^ Sz^yjl. Ao. A,=0^^ 4-§-°fl =Bl-o]olEl(l82o)Sl ;^l2#^'il(0i)^ <^S. 

2lli'ti(192i)^ ^^l(5&fe 0 ^^-^l Ji^)*!-^ ^^lB'a^l^E.-l(52)^ Tll^lH ^^''fl 

c}. o] nfl^ofl, ;*ll2#^'a(0i)^><>l 1 [(Oo, Oi. O2. 03)=(0, 1. 0. 0)]^ ^^IHSS^I 

^El(52)7> ^eVJl. (A„ Ao)=(0. 1)^ €4. He1-ol<HE^(i82o)Sl ;«il3#^<d(02)-8-. 

efl>i-{d(192o)* ^^KS£fe 0 ^^<^ jl^)*>fe ^;^lHS8^1i^EK52)s; Tllols^^ofl 

cf. a^E}Ai, ;m3t'^'?d(02)^^<^l l[(0o. O,. Oz. 03)=(0. 0. 1. 0)]^ ^^]^^^]^^] 

(52)7V ^*Vj1. (A,. Ao)=(l. 0)^S. 

<^7lAl. ;«ll4#^'Si(03)^«>l lt(Oo, Oi. O2, 03)=(0. 0. 0. 1)}^ ^■?-<flfe (Aj. Ao)=(l. € 

ojSf ^-Br ^^-i- 7jl^«V4 27l|2l Ol^i!fl>,>aoj| cflSH ^l" = 2l-«»H D>Cf ^S^o.^.^ 

(192o~1925)2|- n =Bl-oHE^(i82), (184), (186)sl-2l Aj-g-slfe ^^]^^^\^^U52) 

6^ s].u).o^ aej-olo^Eloil cflsH 4711012.^, ^5>?1;^1^<Hl'^1fe 647)1, ^^7^^°^]^^ 16 

711. ^^^T^I^'fl'H 47JlolJl. ^71) 84711S. #^ 5J«^ cflSV'^. >ll2Hofl £Al^V <H^iiiiii: «?! 
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ac-ls)- ^©1 671)21 <Hcai]>-Aio; 16711s; 5.efoioiEl(20)<Hl ^^sffe 

^•Hl-^ife 1927l|7l- ^^*>7fl ^cf. n^-E^-Ai ;»il5£.<Hl S-A]^ <^SS.S|S(190)°fl^ife 

^ ^^2] jfi^ sis-s; Dii«y ojsc-i ^ >H«1-^ «asc-ii- ^^^si-fe =e;-<»HEis.>«.i, >I12 

£ ^ ;«fl6£.(aH S.^^^ »}s^ N*ll^ SiS^li^El* >«'l e| ^ =?-'^i^ ^S. 
ofls. o)^^ -g'^sVsa^M-. ■& ^^-a- oi^ofl ^jgsjj^i ^3L. p*H^ 

-g- ^'^^ c^Ei 7>j^i -s-Efl^ 'g'S^vsafe'^, 'i-'i-a:. 

ol^Jofl ^^J^fe ^-8: ^>>i-lai, •HI'Jl <?!stH «J A^H-i-^ «?!iai=ll- 'Jd^^ 

S.. ^o]^ i(l^]SHs., =e^o|<HEl, "dlsclSlssl <a^^^ ^^^-i- ^'^sl ^^11- <a^*> 

^1 ejfe 'S^i*^ saoi'^i ^ 71-^1^ 7ii§^o] ^-S: -i-^-oic;-. 

o]^ -^^^ H>i4 ^o], ^ 't'^^ ^U^ ^J-^^ -^-^i^ fil^Va, nilS.el^J-^121 

^>a- Tiils.e;i-^sl tflo]&|2l •a^l^-aj* °fl, '^^ ^]^^ 1-^* ^^^*]-^ ^ 
^21 i^l2.el :^»1^1|2; Dflael A^ti^-s-o^ ^2)-. <^1» 1- 

c^ a-^o^ o^A^v v\]s.^ ^]^o\] ^^7] ^^ cfloiE^sl- ^^Isl-fe 'a^l'il:^(«lH^^)7l- <m# # 

oiElfii. <^5^isi-fe Diiael ^^21 e^^lll- M-e^-hE -i-^ ^-^^^4. 
^■B: '^^ ^SL^ -d^Sl-jl, <H = iH):fil- 

^fl •¥•*^ -¥-:£a^ 3?s.2l ^-$^€^1-. 

o]^. ^-ti^^l •¥-:£^ ±^si\ ^^^^s. -^7] alS'jJil- ^ = 

.^zl- A^al-s. S)S.o11 2;«1| >«d^«l-Il. «1 n:^]diB]^s\ ^^]^^c]\ 

-8-5^1 5) ji safe aiB-as: tfloiE^i- >^7i -f-a^^i ^s-tflofl -a^isi'H safe -ti^ 

ol^Tll *llAi, ^7\ ^^^^ -^^^ S^Sfe. 'S-^l alBAljis^ ^^^1- -f'S.^ ^ 
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ol-el-Ai, ^ >S^Efloil 2\t[^, ^-8- 'flS.al AioM^s. ^^^^^ 'Hls.s^ 

cf^ofl, /»I18£. vfl^^l -S- ^12^1 -S-sJlsl ^3.^ ^s. ^ ;»iH2l >i^ 

c^7lA^ ;H14S1 ^^EJISl ^2}S|S.fe. ;Hl2Sl ^EflSl 7}^^ 7^^ 

^ ^Vigo^ ;^]2S) Aj-Eflo) -^S:^ Sl^^ "aAl^-i^Ajoll <g^V D])_g^e^;g.S)s. ^^^sffe o^-^ oil 

•^Ii^l. 4 °i)2-e) A^u.^s.n).cfoil 3 "S^^ '^iS-Sl -^7) ^o] 

E^sj- 5L^^ 1-2113. cflolEl7> -fi-:*1^3l. f-Alofl. 

^^oil 3l«fl 71-^j- -¥-id^^7i- ^SL^ Aia.-s-s.oi AjejSiji. 

ZL l-aflzi l8lolEl7> -¥-«d^^ -^^LS?- 3)5.2) #ell3. eJjJ^l^iElol) ;5i^S)oi ^;^l^ 

4. 

o) #e«^ ellA|>iElv1)oll 7)^^^ tfloiEif^a^ alH>tl^^ <>! -f^d^^l ^91 ^S. 

cf^s) -s?-A!^^^^ 'S'* 'Hja.el A^a-g-^a) i-zflzi cfloieife =e^j4)AlS)s.{Ai^^ 
zialJi. >*7) -f^^^ 3?S.ollAlfe o^A^si ^^^^s) oflsel A^a 
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-i-S-sl ^efln. c11olE]M|2l UlH'tl:£7]- ^:*>^o.^ HlH oiE.im>r7> 

ofl* Hlm-tl^Sl 7ll^7> 17I1S. SlSi-i- 141. Ol HlEAijiol 

7lcf2|cl-7l- ■^'Zl-. =e1s«:al^S.«i|| <a^^<H safe "^-g-^ -f-ae^sl o^.y. B||s.el a1 
o]:?: Hl<H 5>lfe ^7l =si3||^l:^S.oil c^-a] cJ.^ -f-Si^^s} o^^j- D^l5Le^ Ala.^s.s) s-aj^ 

^ ^^s] -^sis)- s^s-oil fi^sV^a. ^^^t!- «V2)- ^o). cf^o?) -^-j^sl-slloV ^ i^ls-el a-] 

A^ti.^S.o.^«.El n\]o] 3}S.2l #Sfl3. A] 

>^>«>1#<^ S^7> AJ57|fe ^o] ^71 nJl^ofl, n||J2.e1 -t^?!^ M-«»>7Hfe "HI 

2.e1:^>*fls1 '^^^ 4^71- 5a*H>H, 'Hlael^J-^l^ ^^l^-^-S-^^ ^^f^ 

-H- ^'^^ ^2fi1 'S-Eflofl #7fl2Slfe ^s. ^ -S- ^"^sl ;»ll42l ^Eflsi ivs.^ 

i+E^'d ^5^-8- ^>^H<^ 

ms.^ ^ ^'g^ ^2s1 3lS7> ^-8-€ '^2-51 1 -gAloJISl 711 
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^ 1 10488 ^1^) 



■i- M-Ef'i -?-5:2}- <^3.v\{i2Mo^ ^ ^^^s\ StS-^l 

^^31 ^71- ^-8-€ ^l-^lSl^-CeO)* 7V^1^. ^ #2fln(flag) 5ll;^1ibEl(c11o] 

E] efli^l2)5.)(18)Sl 2:71^1 -g^^ ^llS-Ofl q.E}-Hfl nS.S\- 71 

^^^^ ■i-'a^ T^-y^ n^]^ 9X^^s.. ■§-«a^ ^-^^Aiioiife ^jii- -toui. n 

^ -^3:^ ^s.(o]sK nil*! =2^oi<HEi ojjsd nil?! -Ssc-la^-ji ^)(12)Sl- -f^^^ 
n^H. "fl"?! ^scl(i2)fe. =elB[l*lsis.(>ii«-^ «l5l^s.)(i6)sl- -i-zll^ ^:^]^^si\ 

3.(18)^, Sel-olo^El3}S(20)Sl-. <?nacl^S.(22)Sl-. ^ol^S ^^olSlSCeO)* 7Mt>^. A^al: 
^ «dlac-l(14)fe n'=>]^ ^^]3^S.i24)s^. =e}ololE^^ 5.(26)21-. <ass.als.(28)» 7}:^t^. 

49S.c^ ^ >a-^sl D||oi oiat:-l(l2)sl 1 ^AHsl ^^^£.1- M-EfHflcl-. 

-S- S.^oll'M, <asc-l(i2)sl 2E el 51^^(16)^ nflo] «ascl(i2)2l =s^oioiElSls. 

(20) ^ 'd!sH3l(22)7> ^cl- -f>«d^^7l- A-l .^1-^(32)31 l-eflzi c-i1o]e1^s1 hIH^^ 
* 4i^^el o.A]^^(^^^)oi| t4el- 'a^l4qs.(34)2l "Hcj^i^^ ^±^(<^3.^)i}^ Sife -S-*?! 
oil. d-g-sl ^^^^21 A^a^s.(32)sl iMl;^li^EK36)'Hl -S-^l^lol *2fl^ OlolEl* z| 

4-l = 34(Wo). (W,) (WJnVcfHl 'Untyc^ ^7] ^o]Jl, m+l7llfi1 0 5&fe l^l IwjB 

tflolEl* <aAlaio.^ -S-^l7>^tb ^«1^, ^=1^ ^^]^^ iHWl^l el]^l3l^u|- cfloiEi 

HBl:^Al3l^(16)^S.^E.^2l 1-2113. ^o]B\^ ^o]u^ ;m 3} ^(60)sl ^i^El-ol'JJ #^(^# 
sl*H #efl3 8ll;^1iiiE-l(i8)<Hl 'U^^]^^. l-^fl^ '^olEl7> 9S. 

sc-l(i2)«Hl sl*V<^ •¥-J:^s)«»l safe -g-*?}:*!! ^i«.-t^ «asDl(i4)ol| sl^H -Jd^^ cf^^i 
^--a^^lsl >^i.e.-i-^(32)s| -tsfl^ c)loiEl7|- =e|3l|*l^S.(16)«ll ^ ^s.(34)o>cfofl 42^ 

H-a^cf. ^. ms.<^ ^^"d ^Eflsi iiii«a <=&3.mi2M 9X^^^^ ej-oioj ;,j|<Hsis.(60)<Hi 

sl*l-«>^ W^=L i!ll^l^El(i8)vllol| -fi-^lsl<H Slfe *2fl::i c11o1e|(h1 eai^)^! ^S^. <>1I1- l"^ 

^4^Sl ^ 7111- ^#«M #ell^ iHl^l:ilEl(18)«Hl ^«-E^oli}}AlJ:(2,7lSJt ^^-tlSDl" ^^ 

sl-ji, #ziln i!ll^i!iEl(18)<fl H2lB||*lS|S(16)sl #ellzi tfloiej^ "a^Sffe ^o]^. *1«»ll 
i:llSl-«>^, ;«112£<H1 M-El-\+ JHllSl >8-Ellsl ofltl «aai=l(12)«l|>Hfe l-zfl^ iN|^^li!;E-l(18)ofl -fr^l 
^ tfloiEjsi ^jfLsi Him^s:^ 2l>tl|S^ ^ =el-ololEl3l i^-f = (QJo.5.-^e1 # 

f'S. tflolEl Oi- AV^g-sVo^ #Efl;i Efl^l^EK 18)31 l-efln cflolEll. = el 311 A1 51 ^(16) 
oH 2llitl^cAl7lji safe cf-i-sl -f-a^^sl Aia^s.(32)sl l-eHzi cflolElfil- ^^t^^ 
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^^s-s^ 1 10488 ^]^) 



(49)^]^ ^^5l-<^ o. MV^lSt 11- eil^l>:El(i8Hl <3^*H =els||AlS|s(i6Hl efl 

(36)^S.-¥-El ^^oj^slJI, all^l^SAl^cf. cjiq. :y-o] ;h)io^ ^^s] ^^^^]^^^. -g- 

El ^^siji safe -g-^v cii7i^ ^£.71- 3:##7Ji ^71- sac^. 

SjSofl -S-^lSjol safe Cf^Sl -f^^^l l-EflZL ^o]Z]S\ :^^t}B.S. ^^^<^ S\i^c^ yflA) 
Slfe =HfoHEl oJISS. A>ol§6(| S^olA-l AiO.^S.sl f-zflzi C-i)olEiSl ^$A]oi| ojsc^ 
^ Sife >^>OlS-g- ^^^Al?!^ Hlejjl <as=#^* ^ ^ Sife Al?}0l ^Aj£)fe 5jol ^Cf. 

o^e^^^l, ^^^Efl<HlA-l sa-^^^^fe «V^4 Efojuj ;H1<HS]5.(60)'H1 filsH #Hfl^ 

t-s>o^ n sfji iEBl-o].>iE|(20)<H] ^^21 HjS^J: el>H)Bsl-fe 

cfl-y-H). =e|2)l^lS)5.(l6)°ll -B-^lsjol Slfe ^^^^ A-iH^s.(32)o^ s-efl^ t-HoiEii- s.^ 
n eJ)^l>rEl(i8)o)l AlKE(o]^)5i.ji o;ic}. r^e^-A^, ^ ^^^Hl^ife #Eflzi 

CflolE^oll Sl-^^^IS -H^-l-^S^ #EllZL CJlolE^Sl ^^aH) SjolA^i ^oj Afol^S. =£^0^ 
EJ oflSS-l- ^7> 9X^. 

^ Slol'^ife l-efl^ ei]^l^Ei(i8H ^i^-l-^ l-2fl^ 'HlolE^s^ ^ji^ 

-^fl Sl«l-o^ -^:a.ol J^:^ =el3(|^l^S(16Hfe «fflSCl(14)<Hl Sl*H -tl^Slo^ 

safe t^-i- cf'i-sl -f^^^ >H«.«(32)s1 ^zfln cfloiEisI i5jl;^liEl (32)3.^^1 

^"g^^l^ 4^71- sUcf. a^, ^'^<fl Sa«>1'Hfe, #211^ iSl^lilrEKl8)sl cflol 
E^si ^:rB]B^5:fe ^^^m^ ^ €A7> Sici-. ;«I110S.°J| ^ "k^si msi\ -S-Eflsi 

31^(11)3^ 7}^ ^=5|^?1 ^^-a ^ ^^al ;»I14S1 -^^21 :a^ai|S7> Efo] 
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^^s-s^ 10488^(5. "a ^1 ^ ) 



•t!)(62)fi^ ;«112'tl2.'a(7l^^^^-S-^)(64)s1- ;Hll'ti2:'5d(62)'Hl z^z^ '^IS #efln Bfl^l^El 

(18)21 m+l7flS.Sl cflolEl Efl*l3?S.(18o). (18,) (18j2l z^z^ofl cflsH m+l7ll 

Si ^i^^-S-slS(:ji^^^^'i5r)(66o). (66,) (66J2f, ;<fl2>tlS.'il(64)<Hl -g^l^ ^^^^ 

2^E^.oii}j^ ^Htbc^^. ^, ^^^-f-^S-Cee). (66o). (66i) (66J. n^^i:^ ^^^^^S. 

(68) ^ ^>^^^#^S(70)^s1 >lH«1-fe =el7:>oH ;«lH>il:£'!d(72)l- SU^^. 

^il^ ?.^7l ^l2't!J:'ti(64)oflfe ;»Jll>tl:£'id (62)011 >g*l€ ^■^^•§■^3.(66). (660). 

(661) (66jofl cfl-§-*H t:-1o]s|S(74).(74o).(74i) (74J7> ;*in'iI3:^(62) 

oflfe ;Hl2>tli-a(64)oJl i^J^l^^ ^^^^^S.(68)<1] ^'%-^<^ c-lnl^s(76)ol 

SE. ;«(|l'tl3l-ii(62) ^ ;«fl2^^^(64)2l ^V^Sl *>^^^#3!lS.(70)'Hl ^ 

9X^. «1 ^]l^J:'!d(62) ^ ^]2^^^{70)<^] ^^^<=>] 9X^. °] ^H-tli 
-^(62) ?J ;<fl2>tl5:^(64)fe Hel^W^l SS«^)^e1(78) ^ ^^^3}- S^^lie1(79)7> 
slol o;tji, ol :^71131 ^31^* <^11- IT'S 5V^ ^7l5j-cl-fe ^^j-* 

E-l(78), (79)fe P^'i. MOS H^^l^Ei^ JijoL. 0)^.0^ Tflole^i^^ Sel^HV^l 

;Hlo|^J:Al(72)ofl ^^Jgcl-. 

0^71^^, t\v]fi\s.{7A). (74o), (74,) (74Jf'2l ^V7fll- ells)^^ ;5i^^^5lS.(68)S. S^fe 

^S. 7}^t}T^. olnfl C-jnl 21^(76)^ Ir^^sV^fl ^i^. 

;gs^:g.S^^(66)fe 17fl€- fllfi«flS.Al 27flsl ^^-^S. N^ll'i MOS 

^^yslfe ;*}lolB«^l^El(67a) ^ >tl:£^"a-^7> ^^^]d^^(.67b)S. ^Hl. B. 
^^]d=.m67a)^ m^S.^ie2)'=^ S'a^l^El(67b)fe ^^isl^l B^^\^m67a) 

3\ no]^:^=^ ^]o]^S.^{72)<^ B.^^^m67b)S] Tflole^^^ ^Efln i^Jc1>iEl(18)Sl 

;g^^^^S(66)fe ^#Aloflfe e^^c]iEl(67a)7V ^^J-BflS. s\o] oyjo., ^^^]^m67b)s\ 
TflolH^^ofl l-afl^ iHl^liixEl(18)S.-^E.1 1°! °fl<Hl B€^l^EK67b)«- 

4i^sl ^^(iO)7V * = Sicf. <='l ^*^^(iO)fe S.€r ^^=^%^S. 

(660). (661) (66J21- ^711 SIH^ ^^jsl<H 5a^^. 4-8-51^ S '31^1^^1(673). (67b)2l 

ij^K l-^ 5.S>Hl^<>fl Sl^ il^V^S-Sl i^Vfe €-7ll^cf. c-lal3lS.(74)£ ^^T^-S-s} 
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tv^^s] *t;*il 1 10488 J:(S.'a^] si) 



S(66)S4 ^-gr =f-^i-%r y}^]^. tb^'^l ^l2'tlX'a(64H ^^5)°^ ^^^^] ^^1=1^ 27fl2l 
N^B'i MOS BS«^liEl(75a), (75b)^ sjc^, S.^^]^^i75a)9\ A]o]B.^^-S: ^ 
o] ;HH'tlJ:'ti(72H ^^sl^m. S5!Ji^l^El(75b)sl tjIoIh^^-S: -S-sV^l 

sl-7) 2711 si N^B'i MOS S.^^]^^ma). 

l'tls:-id(62)<Hll ^^sl<H Sife ol^fe c1n]^s(74)fil- ^-8- ^^^^1 N^^ MOS m€ 

jil^E|(76a). (76b)S. ^-I^^cl-. 

eflsHfi^ ^^(ir)^ ik-Br. ^^T^l-S|S(66o). (66,) (66J7V ^ ^^*1(io)«^ 

bls^isl Tjt^ofl i4e}.Ai ;^:geV7l| ^^^^ ^^^i i7Bsl ulE>tis:l- 

^#«>7l io2:(!S) 2io°1°J-e.S.Ai :9^#«>fe *>^^^ #Sl S.(70)7> ^V^^l" ^ #7> 

«>1 :^#Al(ir)fe H 53^1^^1(673). (67b), (69a), (69b)f-2l 5lS.±.^fs1 ^S)-* jl^ 

*V<*1 ^^*V^ ofl* -i-^ io=1.2io~1.8io^ «l-fe 5}*! 

^|-^^^t'5lS.(70)fe, <y= -tl^<d(62). (64)-!: ^d^2\ 3711- ^^SVjI. ^^7> 

^2.4. L(S.-f)>a-Efl^, H(5l-ol)^Efls. Efl^l* = S]-7l eflAlSlSS. 

.^■1. -^1^1-^(62). (64)31 ^^^^ "^l* l-'S 5V^^o»l 

^ P>ill^ MOS E!ifi^l^E.-|(PMOS)(80a). (80b)fi1-, °]%<>^ ^It^^^^ N^ll^ MOS 

E^^]>,E:i(NMOS)(82a). (82b)i'l-, PMOSS. ^-^^Sl^ 27llfi1 ^El^W^l ^€^1^11^1(83)^. 

^ll't!s:'«d(61)<Hl ^>slfe H.'ia^lii;El(80a), (80b)sl TflojH^^^ ^S. ^^S)u^, e^;^):^ 
Bl (80a), (80b) >^>olsl ^^(B)<>fl>^1 ^#€4. 

£. ;Hl2-tl:S:'?i(64)«fl ^^slfe ^^^]=!=-^U82b). (80b)sl Tflole^q-^ a^s. =g#Sl«l. S« 
;^l>iEl(80a). (82a) AVo]sl ^:g(A)oJl ^#€4. 

^^(B)o11^-l-¥-Elfe t-^-aol 'g'H^ji ?]»HEl(84)-i- #^'a^;<V(85)«11 ^^^cf. 

o|<HAl. El-oioj ;iflol^S(60)sl ^'i'-i-ah-i-. ^zll^ 5N];^l^eKl8)sl #ell:i tfloieisl alH-tl 



33/89 s^ol^^l 



tg^cf. a^7H)Ai, 5,1^1 iE^(i8)oi]fe oiel7lls1 alH-tlsd)* l-eflu cfloiEl 

71- -S-^1s;o1 sa^o^, ^^^^ ^^(ir)fe, I7fl2l ^^^-§-^^(66)31 ^-S-^l^Go)^ l.SHfl. 
^ 1.5io^ ^^s1<H 5ife ^0.5. ^cf. 

^;^]>iEl(78). (79)» ^^}^ ^n^S.'^ieZ) ;«il2'tl:£'a(64)-i-. n^-e^Al ^8:^(3)4 (b)2. •§• 
H(8l-<»1) ^^(<>>11- M 5V)S. =El:*l-6l-;^1^3l- -f-AH. «g: =el5;>6>;tl S!i8^^1^iEl(83) 
?J (80a). (80b)l- ^^<^ ^}^^ ^#^S.(70)^flsJ A ?J Bl- ^'^^ H(*V«»1) ^^(<=fl 
l-l-^ 5V)S Hel*>oM«Vo^ ^fed-. 

a, *>^^^#S)S.(70)^ SS5^1^Ei(82a). (82b), M ^^^-S-iE|S.(66)Sl S^i^l^^El 
(67a), eJ|3*l^iii ^^^•§•^5.(68)31 B«^li=iEl(68a)fe iS-S-EllS. €=1-. 

oHa^, nelSl-o>;^] ^5:^(72)^ H(bVo1 : DS. S>al. PMOS B^^^liiiei(78), (79). 
(80a), (80b), (83)# iLH8V«s^ NMOS B€^l:iiEl(67a). (69a), (75a). (77a)-i- -ar^c)-. 

ttl-el-Ai, 5i]SEl^^ ^^^■i-s^S(68)sl 27flsl Hiai^liiiEl(69a), (69b)fe, ^^1 ^sVfe 
sl^H, ;«ll2'i!s:^(64)o»lfe ell3Jl?l^^^(ir)(=1.5i 

0)7} S-E-in. ^^{h)S] m+l7llSl ^^^■§-215.(66), (660. 66, 

66„)7l-i:tfl. ^]:^]±.TB.]{18)S] ^^ZL t^]o]^]7} ulEAl:^ 10] ^o]B] ^^]^S.{m)°\] 

TllolEx}^^ 7}^lfe S.S2^1^El(67b)^ -^t}^. B^^liEl(67a)fe Si7l nfl 

^ofl, ^^^*^s.(66j)<^lfe ;«fll<d2:'il(62)^^&l ^f-^#(io)7> J:€-c1-. l-^fl^ 
51] ^li!:Ei (18)21 1-sflzi c-jJoiEloii^ alEAi:^ 10] alei7ll, oill- 1-^ k(kSi2)7ll sa7l na^ofl, 
^1 1-^151-^1(62)011 kio^l ^^7} s|t^. ^^{a)S\ ^st\S. =l^<^ nJ-et-A-l :^ti\- 

c»^7l<>(lAi. 2»icf ^ nflfe. ;*tll>ilS.-a(62)<ilI ^•^(kio)fe ;»fl2-tl:£-a(64)ofl Jisfe 

i!j|5fiS!iJi^^(ir)(=1.5io)i!-Cl- H7l >i||§-ofl. ^^(b)sl ^^l*!) ;§:a(a)sl ^^^o] 14 

<^7lo||Ai NMOS(82a)s1 7llo]B^^(=S^ BS\ :^^)fi)- iii2.i^^^1(^ ^ aS] :^^)s\ 7i}o]7\ 
NMOS(82a)sl 7)% aV^Mili^ ^^^^(«4» S-'S 1.4V)a4 htII i^fe. ^ ^^(a)*! 
3.6V oms. Sl^, NMOS(82a)fe -8:^^. ^^(A)iq ^^7} ^t}^^. 
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W. ^]^. ^^(b)Sl NMOS(82a)l- -grAlflfe ^# ^sI-sVji 9X^] olcflS S. 

-fr^l^c}. 'tl:i:'a(62). (64)'^! ^•'^l ^^^} * = ^^(A). (a)fe- tf^l 

^^7|- ;Msl-*l-^l'Lh ^^(A)^^s) ^^sv^sl ^^(b)fil ^^^^^^ 3.7] nB^ofl. 
NMOS(82b)fe i = ^J^sfl -B-^]€cf. 

<y^^^ ^aj. ^o] ;HU'iI:£'i!{62)«(|& ^^(iO)7K ;Hl2>i!:£^(64Hfe i!l]sH^i=i^# 

(i,)(=1.5io)7V 5J^S. Jaci-. oM. ;«(l2>t!:S:^(64H * = ^-^^^l H7l nfl^ofl, ;g 

^(b)sl ^^(a)sl "l-^Tfl ;«l*l-*>ji. ^^j-fe "^^S. 

NMOS(82a)fe iS-S-efl^ -S-^l«1^o^. NMOS(82b)fe ^^^S. ^cf. 

£ <a= 'ilJ:-id(62), (64)^ ^i€^^(5Vm^1 Hel*l-o>;^]sl-c.i ^fe 

(70)21 ^^'j-S-^l-i- ^sfl^'-ife "11 -T- ^-9-^ sin] 71- ^c}. 5Vr^}^] S.^^}<^}^]t}:3.. o] 

^}^^ ^#51^(70)21 3.6V7>^1 c>1i^^<y7>s] ^i>i(62), (64)71- ^^3!^i}<^ ^ 

» 7V;=^lfe ^o] Slal, ^HH-d^l inOlZi^Sl <g^-g- ;»il7]3>fe ^o] 7l-^Sf7fl 5)71 nfl^ 

olcl-. 

ol^-^^^i, ^ ^^sl E^oinj 7jH^s(60)sl #^'&^K85)S.^Bl #^>tl:£7l- Qol 

el-^. -tzfl:! iSl^^litEl(18)i41ofl -fr^lsl«H s^ia alS-ilS: 1^ 27l| oi^y-. #^^1^7^ lo]s^^ 
HlS'tlife I7l| oi«i.oi 4. 51 tq.. 

itj^ej-Ai t-^Al5:7]- Oo.s-?-El IS. ^^tb «>1 ofll- 1-^ -tli^l 

AV^S|.oi ^efljn 5sil;^liiiEi(i8)vflal l-eflzi c||olE|-i- SelBl|*lS)s(i6)^^ l-zl)^ 

cflolElS ^*«>^ #4. ■§•€-. «^7HA-l t'^-tl^fe ^^(A)S.-?-El 

■g- ^"gSl El-oloj ;«ilcH3lS.(60)l- ^}-%-^ <aS= Bl-oj'aSl El-olnj ^^^^ M-El-'dl 

C1-. 
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^ Jt;»(| 1 1048851(S.^^S1) 



o] £.^o|iA^ (a)fe iHl^ <asc1(i2)s] <&3.S. E^-ol°i^ M-El-«£c1-. (b)fe t-eflin sNl^l^JiEl 
(18)31 tilB-tlJ: 1^ elAiiB El-oioj^ q-E^Hflc^. (c)fe £^^0)01 ;hH^^(60)2] 
^# E^-ojiy^ M-El-vflcf. (d)fe Efoioi ;»il<H3]s.(60)s1 #^^5:s1 ^^1- Wifloi, (e)fe 
= ej 311^)21^(16)21 l-e11:i tHloief* l-zfl^ i!fl;^l>:El(18)ofl Al=m*>fe el^^l'S^ M-^l-vScI-. 

o]^ ^o], f.Bj|:i ell;qiirEl(i8)xfl*fl *:^lsl<H ^-8- -tefl^ cflolelvflsl h1sais:# ± 
^3^ Hel-oHEis. «?!lss.*>JL safe ^\^]^ «lB'a:£sl el-ms. ^^isl eS^^l -S-'S'fil El-oitjj 

ijj ;inols) 5.(60)7} «as^ 2^«^o^ 7l^s|fe eI-oIoJoiiaI ^:fsl alB-tl^:^ ^ 

n #^-tl^(d)7> 0<^M IS. ^^sl-^. -H-efl sl'Hlm ^^^71- ^^g^}^ t^o]^^o,s. 
= e1al|AlSlS.(16)2l l-sfl^ tflolEll- #eaiz ell;^li;iEl(l8)<^ "a^^«:*>7l ^Itl "^^^ ^1 
10S.<^ M-El-tflfe ^i;;^S.(87)<41 sl*H l-Bfl:! sHl^l^El (18)21 ^^fl^ ^o]^]s^ 

^^■^ ^cf. ziel:ii. <?!^*Vfe <^3.b. AVoj^oflA-i. o) i-Eflzi cflojE^i. A}^t}c^ sel-oH 
E131S.(20) ^ 5.(22)^1 21^ oJSS -i-al-^ sl-Zl. <?ilSH <HS.elli!il- #^^4. '^l 

e|*H 'HI"?] «?!lsc-lfe. ±^i3] A>oi§s -a^^ ^^-^ "^^^ 

Bfl«?l <fflscl(l2)fe 7l^^ ol^sl- ^ol 

-M^tl- 421- ^o). ^ ^^'^^ ;^l2'a-Efl2l -^XSl- Sl5.ofl 3]^^. ^#21 ;HU^Efl2l 3l 
J!}oll DlSH, ^-i!^^ -T-zh -^^^ si ^71-, cJ]o)El Efoloj ;*1H^5.<H) 2l S>ol ^7] 

c).^si ^-tl^^2l #el|:jL>ti^ 'Hlol&|2l 711a]sV31, -fi^^sH. ^e. 

tt^e^^i, ^ ^^Efl2l ^is^- 5IS.01) sls>^. <^el7ll2l «S>^v 1^2.?^ a^u^-^o.^. ^a^i^^ <a 
^ Hlaell^^^^^lel-s. aiel7l|2l <=^^ oflaLel A^a.^ aH21 ^i^ofl 
o) t:l-^7ll2l iflael A^a.-i-^o.s.«Bisl #^^2:* "^l^tb '^V«»1#S. 

^ T=' Xlc}. o] cfl^^ cfloiEloil cfl^ ui^^sll- ^£.S. t}^, <^el7l|sl «?! 

^ nflSLSl A^«-i-^o.s. ^Ajj^^ ^>y. rJ|asl#^o.s. Slfe tfl-g-^ i>|£el^:*H£. 

fe 121 7;i^7i- olei -ijg^ TR^s. € ^-i- 'gs?- -ti^si-Til ^ sac}. 

cl-§-<Hl. ;H112:£ vflx] ;mi4£.l- %2:5H •& ^"^21 ;Hl52l ^eflsl aVS-^l ^^3^S.ofl cfl«ll 
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^ .5^VEfl^, ^V^tb ^ ^'^Sl ^]23i -S-EflS] ^5:^ S)S.ofl El-ol<a 7]]o]^ 7ll^^t'3l 

2|^o| 7>^^ 

^^]% M(M^l)7ll2l ^^^■f-^'S^ ZtZ^- Cilol&l oj^ol] oj^Slfe cflojEl 1 2. 

■i-^'cf<Hi *5fe ^^Al(io)S) KoSl) Ji'^ 3j1 Ko+lHfl M.^ ^-S- ^^*l(Ko io<ir<(Ko+l) 
io)* 

SSa^l^ii^ ^ 7l^;a^^^^^2l H^^1^E^7> ;«flcH5lal, ollrol **>I1, iHl<^lEl "?] 

^-{d^ii it^s] ciioiE^7V <a^€ H.€- ^^^■S-^^fi^ 'tl:^^i'a-'?l7l- sa^liBlfe ^sVji si 

f-Sl t]]o]^]S\ 7fl^ K7]- niEl ^'g^ ^**ll«*> ^ iHlolElSl 7ll^ KS. € ^t" 

^» ^7V 

olnfl. ^^T^-S-^'ctSl ;Hl<H S€^^liiiEl7)- 'tl3L^'3-?l7> B^^^]^^^^ ^^'^3L^^^^<^ 

M^^d -fi-«aol >«7l7l nllS-ofl, •S■^^7l|A1Al:g<>^lAi >aj::a#^#'tlo»lS. ^^7> *^Cf. 

ol ^^<^. ^-2-^ ^^-"^H ol ^t'^'^fl 7l^^^^^-a<Hl 

7l^?i^i2fs1 *V^^7V 3^o>;^Ai. ^>^^ ^t'^^'^l s]^ sv^^ ^^121 Al^^v ^#oi e 

fJ-*Val. InOlZ^^Sl <g«^ -Sul. ^^5|7J1 ^^-fr >il^«l ^ ^ Slfe ^^ISi 
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A. 

«>1<H1 cfl*f<^. ^"^Sl oVi^Hl ^^Sl^fe, ^5l^'?J-°l7> H^^l^t|7V A\o\ H^^l^Ela. 
7> ^sl-c-lei-s., >tl5i^<3-<?l7> W.^^]±-^7\ ^fe^ 

^ ^7V sacf. 

>1112£.oll ■& ^'^sl ;H]5s; ^Bflsl StS^fl ^^^S.7]- ^-g-^ El-o]i{J ;^<H^S.(61)sl l-g-^l 
<msl ^Alia} ^Ej-^nc^. aj7lAi, ^ £^oJ| ^EfHfl Efoltjj ;»llol^S{61)fe ;Hl8H«fl 

M-Efva -H- ^"^sl ;«I12S1 ^^A3\ 3ls.(iiH 5J^s^i. ^Il0£.ol1 M-efH" 

(67d) ^ ella)?!^ ^#^*3lS.(68)sl m€^l^ei(69c)sl- (69d)2) ^^^o] cf^ :g-g- ;Hl«2l 

■i-'a^-^s.. -s-^tb ^^^AiJife ■s-'S^v i-oiji. zi -ih>Hitb ^'g-a- ^ 

^SlS.(66)fe. cVm- cflaS-Ai ^-^^V^, alts. S.^ N^fl^ MOS S^a^l^ii 

^<a-«j7l- H^^liEK67c)fe ;Hll'tl3:'ti(62)ofl ^^5)°^. ;Hl<H s;ai^i>,EK67d)^ 

7\ SSfl^li^El(67d)s1 7llolE;g=-oi) §el|rL iHl;^l>xEl(18)S.-?-El l^l «a^sq2i^ 

o] ^^;d^(io)fe- ^^^-§-^S.(66o), (66,) (66 JS. ^<^m] ^^Jsj^l^J-. 
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cf^^o] 2711^1 3)^ Nsll'i MOS B€^lii:^Bl(75c). (75d)S 5]!^, ^^]^^ 

B.^^]^m75d)^ Tll^lH^^^ n>^7l-^lS ;«»lo1>tIi'il (72)^1 ^^s);^l°}-, ;«1l2^S'Jd(64) 

* ^el7] ^^V ^o.^Ai, 27flsl 3jt N^fl^ msS^1^El(69c). (69d)S. sjnj. Eigj^i 

(72)oil ol ellJ^^i^ ^#^-S-SiS.(68)5l ^ S.(76)7>. ;»lll'ilSL<d(62H ^ 

ir^ St-S:. ^^^*3lS(66). (66o. 66, 66 J7> ^ SUfe ^^^1 io^l- 

7fl^ofl n|.2^.Al ;^tg-«l ^y^^^ siq- ^:?^sl 1711S1 als^tlM 
«l-7l io2i(«) 2io ^molal. ^#^3.(70)7} ^>^#1- ^^7}^^ 

^^AIS. €"4. ol ^#^1 irfe S 53^1 (67c). (67d). (69c). (69d)^Sl 31 

S.di7\^ i:*V* jl3l*H ^M-. <^11- 1-^. ir=1.2io~1.8ioS. ^o] 

^}^d^ :g#3}S(70)2l BS-¥-Elfe '^o]^^ <?lwlEl(84)l- 7fl7flsl-a^ <?as.3l 

^(88)ol] ^#^4. °JiHsl^(88)2l £ ^V^fil 'a^'^l-fe -^^^ #2fl^ eil^l^El(i8)2l e) 

^iEAij:7> <a^€ci-. ojis. 313.(88)21 #^-g- 'a-^^v 5ji^ii:E-i(i8)fii ^^-a-^Hi ^ 

cl-^<Hl. ^ ^1-Eflsl El-oloj ;*ilol 31 3.(6 1)^1 ^#-^3l-i- #2flaL e)]^l>^EKl8)sl ^efln cfloi 
E^Sl HlEAl:&7l- ^^sl 171171- € 5!. ^ ^^21 HlH^il- ^#l^«4)3l ^^-8"g■ tfls«flS.Ai 

'g'^tl-cl-. <^7]^^ i!il;^l^El(18)«flfe ulB-tlJ^d)* 7>^ #ei|n tfloiel?!- -R- 

;^lsl<H Sio.D^ eJlJiifi^i:^-^ sl-uj-fil ^■^^■§■^3.(66)51 ^-i-^^ io^ l.Safl. 1.5io 
S. ^Jgslol safe ^^S. ^cf. 

^JH. =2l:*]-«>>^ ^<H^3:^(72)-i- US-f : 0)S. «>J1. *<}= S.^^}o\^ BS" 

;q>iEj(78)sl- .ei{ii;il>iiEl(79)-i- -SrSH ^1 ^ ^2S1 >tl:£'a(62) ^ (64)1-, ^-i! 
(ii-fE.) 3^4 bS. -i-^^ H(*l-ol)^^(ofll- 1-^ 5V)S S.^7i}o}7]^sH. ^AloJI, oj: neJsV 
oHfe H«^1iEl(83)l- -a-SH. *1-^^ ^#:^S.(70)^sl A B# «]-^7>X|s. 
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^^V^i^ ^#3)5.(70)31 m 515^1 iEi (82a). (82b). ^i^^-f- 2)^(66)5) BSH^li^el 
(67d). ej)2)?li ^^^-i-SI 5.(68)21 S5a^l^e1(69d)fe iL = 2l ^veflolcf. 

cf#<Hl. iEe1^)-<iH >ilo1^J:^(72)^ H(«l-o] : 1)5. t[JL, PMOS H'a^l^El(78). (79). 
(83)* iS^V-^. NMOS B€^l^El(67d). (69d), (75d). (77d)l- 

nj-aj-A^, iHlJ^^^ ^^^•S-^S(68)S1 2711 s) S.«3^iiEl(69c), (69d)fe S-^ -grSl-fe ^^j s) 
:5i. J«(|2^:S:'{d(64)^fe Bfls^l^iii^^ ir(=1.5io)7> JiSfe bs) ^^1- ^*H?lc}.. 

m+l7lls1 ^^^-§^^5.(66). (66o. 66i 66„)^. ^efln i^^l^El(l8)sl ^zflu c-q 

olEl7> i<?l c-il«>lEi eii:*isi5.(i8i)«ll Tllolm^^-i- <d:£^l<a-^7]- msH^l 

i^El(67c)fe -8:«f3l. ;«llol B€^li;it1(67d)fe-. *«l-al SAfe^J «11^<»1|. '^l ^#^-S-^S.(66j) 
<Hlfe ;*fli'tlS:'«i(62).2.5.-¥-El ^-i-^^ io7l- Mcf. 

^eltfl l-Eflri 5flxliEl(i8)2l l-efln cflolEloflfe HIS^^ 17V 4t= oil* 1-^. K(K^2)7ll 
Sife^ nfl&<Hl, ;Hll't}J:'id(62)ollfe Kio^ ^^7l- ^o] 5)0!, a^l ^Ji^lS 3.5! 

<H1 oVel- 

<^7lAi, K7> 2*1^1- #nllfe, ;Hll^X<d(62)°l1 *5.fe Kio^ ;«l]2^3:'d(64)o11 *5.fe ell 

5l^i^^^ ir(=1.5io)iLcl. H7l nfl^c^ b^l ^^oil ulsfo^ a^l ^i^^ol ;^ 

0^71^^, NMOS(82a)Sl 7flo1S^^(^^ B^l ^^l)i4 i!ij2.>i^^(^ ^ a^l ^^l)Sl ^l-7> 
NMOS(82a)sl 7]^ uyoH^^ S)t^'a-(«Hl* 1.4V)JiL4 ?1;*1^(«^11- 1-^, B 
31 ^i^7> 5V«y nil a^l ^^171- 3.6VV\^] Ml3l7>^). NMOS(82a)fe ^t}jL. A^l 

olnfl. b3l ^i^lfe NMOS(82b)l- -Br^]^ ^S. ;H«1-sl<H Sl^l ^ol. ^I'flS. 

>S-El|7V -B-^mci-. 

«1^^, ^S.^{62) ^ (64)oll tH^ ^^71- :g-elAl, ^g^g A ^ afe el-^r ^?l7l- ;^«>sl;^l 
oV a^l ^siflsl ;»j«1-. ^, A^^sl ;H«1^^sl b^l ^^^Sl-Jicf 37) iill§-<H| 
NMOS(82b)fe iiLH'S-efll- -8-^1^4. 
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(88)ofl 07} ^n^^ ^o] 

i^^°fl, 1-211^ iHl^1iEi(l8)i41o|] ^^o^ alEAlJ: 17)- ojsc^oil nJ-el-Ai, S;>i4Sl-ul- OS. 
e1^lHS)<H, ^^sVfe HlS-ilJin 17115. nfl<H), ^ ^^Sl El.o]ia ;«1H^5.(60)^ ^ 

cf-i-oil 1^ <a^5f^ nj.:*}.7>^U, ;«ill>tl3:-{d(62Hfe io^} ^I2'tl3:>{d(64) 

iHjsl?!^^-^ ir(=1.5io)7l- * = 7ll ^cf. 

ol^JI. ;«fl2'4li'5d(64)ofl ^^^ol H7l nJl^ofl, bS\ ^^^o] b$\ 

t^S. ^5l-2^aL. 'S-^sl-fe Sl-'flS NMOS(82a)fe i2. = '8-Em. -8-J^*>o1. NMOS(82b)fe 

(88)ofl l^l 

^ ^l-EllSl El-o)nJ ;*flo]3)S.(61)sl <yttlEl(84)S.-^El 0<5l5^^^ 
iMl;^liEl(18)Ml°ll -B-^lSlJl SX^, l-Sr 27ll oj^V, o] #^Ali7l- lo]S^^ 

<>fl = 3l5.(88)ofl ^#^2)-, ^ l-tlSLiZl- 1-eflZL Eil^liiiEKl8)2l el>HlEA)5:oii 

^1#;HH^:^1- 'g<^. ^i^^HH-yJ:* AV^sj-oi l-sfln sil^liiiEK 18)^11 si ^efln ch| 
ol^ll- =e1=l)^)5l5.(16)^Sl #efl^ c)lolEi5. 

o^7lAi t'^-tlS.fe A^> £Efe A ^ BSI '3=^<H|A1 ^^iflE. ^c|-. 

ul-Sl- ^o], ;ij|10£«>l| q-El-w« E^.oloJ ;^l<HSlS.(60)fe. ;«(|12£.'>fl M-E^Hfi Efo] 

"J SlS.(61)al- ^^^-f-alS-Cee). (66o. 66i 66JS\ ;«IH E^;^)iE.K67a)s1- 'il^^'a-^ 

7V Ei{g;t]iEi(67b)S^2l HllAl % t]v]si\s.{7AX (74o. 74, 74„)s1 H«^1>iE^(75a) 

fil- TJlolH ^^1 B«^^El(75b)sl Mll*l7V ^-i: ^fli^^VJlfe ■f-'SSl-S. 

*1 ^o] «H 't!3:^'a-'?l7> msfl^l^El(67b)sJ 7flolE:5i=-ofl «a^sl^ l-Efliz ej|;tl iiiEl(i8) 

si cflolEl Eflj^lSIS-Sl -fi-^Sl-fe ISl 7l|4^7K ±^S\ ^, ^^fSj 17«7V 

s ^7> safe ^ol4. 
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B^'>l°cj ;HlolSlS.(60) ^ (61)21 <H^5J«fl 5i<H^ii. aV2f ^o) v^o]^^ ^^^^ 

o] 7^^]^^, -tlJ:^i^^#^(^ll^^^)(62Hlfe ell^l:iEKl8)fil alE>ilJ:(i)2l 7fl 

ziEflA^, ^v^i^ ;g#3)s.(70)fe, 'ilJi<d(62) ?J {64H Mfc *H 31*1)^1 >«7l 

a, bsl ^^^V». ^^(^^ a, bsl jI^^^^H = e1*l-«>V^l^'a-(«fll- 1"^ 

0^7)^1, ■i-'a^^C^l- l-'S Vdd=5V)S. =el*Vo>;tlslji ASl- BSl ^*lfil 

n^Sl ^Sl-fe E«:^lriiEl(82a)i4 (82b)sl-Sl <Hii^ ^, ^''I'S 
ah-S-^oll. ^11 ^ ''flzsl -tl:£'a(62) ^ (64)«'fl ^#7V Jiaui, 'tlS:>a(62), (64)2l 
a. bSl ^^7> ^€^^JL, BSl- afil ^^1*>. A^l- bSl ^^^Vf- ^li:^ 

^o] 7m «VoHi€ ^^S;t(*4ll- 1-^ 1.4V)acf ^ <a= >tl:&^(62). (64)2l 

(^^ a S bSl o]2^ ^^s] ^7]s\ ^^StHl* 1-^ 1.4V)1- ^oiA^ (3.6V»ic^) 

;*i«V*V^. BSB^l^Ei(82a) ^ (82b)2l ^V^o] ^^V^. n ^^V, Hia^liEK82a) 

(82b)^fil A B21 ^^I^V^ a £Efe b^ 

(82a), (82b)^2l ^A9\ A ife Bfe =b1*V<^H€ €^(5V)'Hl -^-^l^cf. 

oj^Tfl B2\ ^^-ilxl- ^}^. 'awlEl(84)l- 7fl7flSl-<^ ■t^Aljis.-Ml ;7lvfl 

^, B3l ?t^i&°flfe tlolB^I (84)71- ^^Slul Sa^^S.. m«^l^El(82b)7l- ^fil-ul. ^ 

^ BSl ^i^7> ?lolEl(84)Sl ^^5]t(«fll- 1-^ ^ 2.5V)iLc1- 'JlS^nflofl, "t^-tl 

^ 17> <9ol^Ml €cl-. 

ol^^S ^ safe ^^*>1. '^'^^ ^1-^^ ^t'^S.(70)«^>Hfe ASI- B7> ^elsj 
71 Alal-^njjsl a, bfil-fil ^^^y^ S.«^liEl(82a) ^ (82b) ^f■^^«l a, b^l ^ 

^. i-i-3^ol >37l^ 7V^>^jol ^oV^cf. u^^\^.^ a. b^l-Sl ^d^l^Vfe M^l i^«l^ 

Si ^7i o]^^, «>i;Hli4 ^^«l-ai "JV^^ E^'^l'S ^'^l^ Slcf, 
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(67a)7l- Alj^^t^-id"?] ;Hll<ds^(62H ^^i^Ji. >HH B.€^1^El(67aHl ^l^^ ^^^Ife 
E-l(75a)7> 7]^:?!^^^'^"^ ^HlZ^J^-aoll «1 ^1<H B'a^l^El(75a)ol] 3)^5. ^ 

;HHAl^Al(72)* HBl^W^l-S-^l-fi) S-f(L : 0)BJl'i°1]^-1 E^oloi syoKH : Del) 

j)(j=0. m)3\ tHlolE^ofi ^TflSlol ;a#^f-SlS.(66)sl ;flH Hta^liiEl(67a)fe -grSf 

^S7]31. £, n>^7>xls. c-lDl^s.(74)2l :*IH S«^1iliEl(75a)fe HSH^li^El 
(75a) ^ 711 olH ^^1 B.^^liE.1(75b)?l-«1| "a^^l^^l -S-'a<»l ^^^f. 

zi 4l4£.(bH H-eVnH «>S1- ^<»1. El-ojoj 2:7H. ?J ;Hl2^S:-5d(62) 

^ (64)o.S.-^El ^^^-S-^SCee) ^ c-ln]^s.(74)2l ^<H S.'i?l^l:fie1(67a) ^ (75a)ofl ^1 
^71- * = -tIJ:>a(62). (64)S1 a 91 bsl ;d^l7V -S-aH 

C-lDl 2)^(74)21 ^7]- ^^"g, ^#a7lofl ;Hll ^ ^122) ^ilx^dCeZ) ^ (64)oil ^^fe 
7> ^^]n] a 11 bsl ^^7V -i-AlcHl HTl) 

o] nfl^'^ll, 't!3:^<?}-<?]7]- ^^^]^m67h)2\ ^ofl sitl- asf b^l *l-7> ^S^]^ 

^o] ^<H;cl. 3.n«2l oj^^^fS^ ^^7V ^^o}^]?]] 

^. 'tlS:'tl(62) ^ (64)21 :5i^1(^^ a ^ bS) ^^)2\ <Hi^^^^l7> i^*l(«fll- 
3.6V)^ ^t\t}SL. HSll^l^El(82a) ^ (82b)f' ^^-i: ^^l^«ll2l a ^ 

b2l ^d^^\^\ €4. 

EK67c)7> ;«ll2-4!3i'5d^. H'a^li^El(67d)7l- -g^lsjol sa^f. 

n^e^x-l. e^oiijj ;g#^^^ol 7Ha1:^<Hs.. A!^^'a-^7|- Bia^lii:El(67c)7> ^t}^ ^-B: 
^^^S.(66)21 ;H1<H H'a^1iti(67d)fe S.^ U^^. c^^]^S.a4)S] ^]<=>] BSS^l 

rtE.1(75d)fe 2.^ €-*V^l S^-S-^S, ^^^^ i7H >tl:£>«d(62). (64)«H1 ^lol HSS^li^ 
El(67d). (75d)l- -t^^«>7] ^^7> * = <a<8- Sicf. 
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^(68)^1 S.5a^liiiEl(69c), (69cl)^ol ;«fl2'tl5:<d'H1^ eilsi^^^^^o] ^-g-cf. 

v^^]■^.], ;Hll4£(a)ol) M-H^vE ^o] ^^(a) ^ (b)s^ ^^^l-fe ^#-§-2} ^j^^-^-E], ^ 

<?f ^^(a), (b)Sl ^i^7> 2:^ ^IsV^ A]^o,)Ai^El >«7U, Ci^i4. o)!- (b)2^ ^ 

^If- oli^ ^^S) i=§^l(olll- ■i-'S 3.6V)^ ^^--^ISI <9= ^fl^Vl- HTl) ^7} 

olfij. ^ol, TfllOS ^ ;HU2£ofl M-Bl-^a E}-oltjJ ;«fl<H^ 5.(60) ^ (6lH>^1fe ^^(a) afe 
(b)sl <Hi^ rt'g^^K'^l-i- 1-^ 3.6V)-i^ €^-^1^1 «3= ^^(a). (b)s1 ^^^m ^ef^ 

1-^. ^114H(a) ^ ib)'^] i4El-\a ofl(z]-zt ^12£. 1J mOSL<^ M-Ej-vfl bI-oHjJ ;^1o1s^ 
S.(61) 9J (60)31 «»8olcl-.)o1) cn«llAi ^'g*!-^. ^^(A)2l- (B)7} ^e]sl7l Ajz^sv^fe ^tl ^ 
^(b)ol 3.6V« ^^^l^oflAl /g^(a). (b)fi^sl ^^*>fe ;»fll4H(a)2l ^-ffe 5f O.SV^ 

i^ojZLSl ^*>H *>^^ ^#S1S(70)7> i-s-^j-sv^ 7>^'^^-a- ^JL, <?i^]M- 

5g^*Vjl, S-t!" El-olnj % ^ 5{lcf. 

£, o] ;(i]14£(a) ^ (b)oflA^fe >t}J:^(62) ^ (64)^ B^^}^}^] ^^S.^ ^^(a) 

?| (b)7V 3.6 V» ^^r^l^ofl^l^l ^^2\ ^^^Vl: 3711 ^jl SU^". 

nelu)., o^7lAl 'il:£'a(62), (64)1- H.el*>oV;^i s|.^l ^ji -S-aj-Ai^c^-ai *|-^, 

^^(a). (b)sl ^^^}^ '8^-S•2^'a- 7lcfl^ ^ Sicf. 

i^Bl-Ai, ^ £^(a) S (b)Sl «Hi,5lom, =2l*>o>;»l SlJlt+Ai -S-ah^Vfecfl ^ slDll- 

7>^4. 

JE^. ;Hll4E.(a) ^ (b)fe. nzl- ^1125£. ^ ;*(|10S.<^1 M-H^^Hfl E^oloJ ;«11<H s;^(61). (60)«>fl>H. 
^^^Wdd)**! 5V. ^^^■§■215.(66) ^ c-1ul^s.(74)s1 m+ l^l 2567llolzi, H]^^^^ 

iirEl(18)'>ll safe alH-tlJ: l^l ^:fsl 17II2I ;a-f2l ^t'El-ol'a^ ^^(a), (b) 5J 
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^ >a-Eflo^ El-o)nl ;HlcH SI 5.(61)* ^V-S-^ ^IS^-^l H-El-vfl .^J:^ 3l5.(ll)S| «fflSCl 

(12)2^ <&3.E. E^ol°j Ei^^^Vmi- ;»fli3£ofl M-E^«dicf. 

f- s-^ofl^l (a)fe <^3.x^Mi2)s\ El-oinj^ u|.E}-vfl oBs^ H-Ei-^acf. (b) 

l-zflOL ^^I:i:^(l8)s1 Hls-tl^: is\ eJ.*flE eI-oIoja. v+Efi^ el-mH ^^5^1- 
(c)fe -S- ^^s] Ej-oioj ;«iHS]s.(61)sl ^#-S-al- El-ol^S^ ^#•§■^^>il:£(= e]*>oV 

^1 ^<H^i'?d)(72) ?l7>;a<a-^ (d)fe ■& -S^EflSl E^■oluJ ;^ioi^s.{6l)fil ^^(B) 

si ^i^^ ^^1- M-E^-tfloi, (e)fe (d)2l ^t't'^'tlSLl- ^»1e)(84) 

S. «>^^ t'^'tlJll- M-Ei-^JI. (f)fe He|B||:*l^S.(16)Sl l^zfl^ iHlolEl^ #2flZL 
Bl(18)ofl Ainesi-fe ^o|nj^ u|.E^'^ ^zflzi c^loiei ^^;«lH>t!±l- M-E^-^flcf. 

^o^A^, a|jf2^ ujEAi:^!- :a#«V:2i ^ ^##^'tlx(d)7l- sl-oleflt(H) l^JMI S-f5ll'i(L) 
OS. ^s^t}"^. =1 «J-^i#^^^(e)7> 0^)><-i IS. ^f^^t^. <=^7]^^. m2^<^] M-EfsH <?« = 3^ 

5^131^(16)21 tflol&ll- l-efl3. i!ll;^l>iEi(i8)ol| SAflSM ^^;«fl<H^iii(f)* ^ 

ol^Tfl «fl>^1. ^«-^l<H^^(f)«fl sltsil #Hj|iz ell (18)21 tfloiE^sj ^«-oi 

o]^ a>2l- ■& ^'^sl ^1521 >S^Eflsl «VS.^1 ^aj^sofl 3\^^, 

S., ^#■§■a^E^•*l°«}«H1 5a<H^lS.. -tlSi^^^l^l- S^^l^^l?!- ^5>^1 ;*1H s.^^1^ 

s^2i -s-#oi gjtui. ^V^^ ^#^ict2i ^#^^om i2.^3h^ ^o.7lfe 
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n^e^.A^ 7]^^^^^-^^^ *V^^» 'S^SVul, ai* -il^*! 

>=7]. oijT.^ <^Aj. nflae^f-s) ^ijq. S\s.s\ ^JiS^ E^-oloj :^]o]sH 

S-S.^] ^nV^ll A>^^ ^7]- 9X^. 

4-S-oll. ;»1115£ ^^1 ^117S.» ^ ;*I16S1 ^EflSl aVS.^ 

^ >*EflS) ^HiSlI m ^ ^1531 ^i^tflSf ^o) -g- '^'^Sl ;H12S1 -^BflSl 

^S.<H1 E^ol-S JHH* 7ll4^:a^^S.SAl 7}^^ yio]z^, 

Efe Of'. :S#s>ji^]- *m "HlolElsl 784^ Ko(M>Ko^oH nl-ef ^12^1 ^J^-^^J ^l^^i^ 
•f-^^ofl *Hfe ^#j^l(io)Sl Ko«ll -^4 3j1 Ko+l«fl ^4 21-^ ^i^^KKo io<ir(<Ko+l) 

7)^;^^^^AlcHl ^t\c^ 7lS^i^^l(ir)7l- 

ol^Tfl ^Al. Z^- ^o\^ •a^'S^II Sl^^fe C-flolElf'Sl i^sj cfloltlSl 7H4^(K)7> nlEl ^ 

t'^ ik^. 
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ol^* «.€■ ^^^^^^ ?1:il7fl sl7l oflS-olcl.. 

«i ^^eii'i(Vo)«ii ifl«i-<^ ^^^^s. *>7> safe it^^i}-^*!- ^-s^^ ^"a-«fl'a<Hi ^ 

^fitfl. ^^s.^ ^2j^s.fe AV;^^ ^#^^<»1 ^#7t|Ai5ii^ ^^^^-i- 7HJ1 

Slo-i^, ol^^ll s]^, :at-7fl^l^^iHl«i^ iHl3l^^^i^'5d5]-s1 <?}= 

^<g-^>l- ^]IL^ 3.7]] ^7> sicf. 

°^ -tl^i-as^ *]-^^7> 7>^ 2to>^lfe ^^V^^fi] ^^i-^l-Hls. ^<3-*>ir als^ a 

711 Si4. 

711 'il^*! T='7> 

;«ill5S.oll. ^ ^"^sl "^n^ ^-8-€ JHH^S.(90)sl 1^ 
x\<4s\ ^jsii^oi ^s.£.«- i4EfH«cl-. 

o^7]Ai. ^ s.^oj)Ai i4EfH« El-olOo' ;HH:^s.(90)fe. ms.<^] M-e^hS ^'^s) ^I2s) 

S\ ^S.^ SjS-dlH 2^-8-5]^ 5J-2.S^i. ^UOHofl i4El-V« Elojoj ^s.(60)Sl-, ^#7llAlell 
^ ^^g^^a-o] sl^fe B'a^1i^El(86)Sl-. «a= -^51-^(62). (64)S1 tb^ #'^^31 ^^(a), (b)* 

44 =2lj^>o>4^fe HelifcW;^] B€^1^El(78)sf. ^'Ef^oJl^l ^:£^(62). (64)-i: 

*>fe BSfi;^l=iie1(79)7l- ^^1S)<H 01^ ;Hli2l5>aLfe ^<a*>Jl. 

«1 ^ol «1-^ -tl^^"?}-^7> ^^^]^^U67b)3] n]o]^^^c]] oj^slfe #ellzi iHl4^El(i8) 
s\ tilolEl efl^isissl -fr^^l^l-fe isj 7)1^71- 4i^s) ^. ojii- 17HS. 
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;^115£.^1 M-t^-vfl E}olnj ;mcH^s.(90)<Hl Sl<H^i. ^ ^^^^^ 7}^^ ^^91 

^ 5VS] ^^-^l P^fl^ MOS S<!a^l^^(PM0S)(86)4. PMOS HSS^l^iitKSeH 

^^s)fe MOS Biifl^)^El(80a. 80b)sl-. ^IS^flTfl z^z^ ^^S. ^^^fe N^fl^ MOS B« 
x^liEKNMOS)(82a). (82b)ol PMOSS. Sjfe 27lls) =sl*V*M H€^1^e1(83)S €cf. 
7^1. ^«<H1 ^^S)fe PMOS m5a^l^El(86)fe, -S- ^'asl ^#7|lAlBil»g ^^^^f-i- ^-1^ 

tSVal, a ^^SlJl, =L TflolB^^-S- ;^>7l(eB)Sl =iNl^^^<>ll 

;«fll-tl:£-?d<'fl H«a^li^tl(82a). (82b)fil TflolB^^-S- ^S. Sia;^iiE| 

(80a). (82b)i42l ^^gCBH^i ^#^94. 

a. ;m2>tl:i:'ii'Hl ^^slfe Siai^l^Ei(82b), (82b)2i Tfloi^^^^ a^s. ^^5]"^, H^^l^ 
Bi(80a)a1- (82a)i4fil ^V<*]5l ^^(AHl^i ^^(B)^S^Elfe ^o^^^ 

^efln eil^liElC 18)21 elAilEAij:7> SJ^^cV. <?a = Sl^(88)2l ^^-^^V l-sfl^ 

^7]M. PMOS S'Sl^l^Ei(86)sl 4iiih^i^ol ^^^iWdd)**! <^11- 

1-^ 5VoH, ^^5)t^<a-(VTH)<^l <^11- l--^ ^ 0.7Ve}ji t}^. o] PMOS Siifi^l 

iEK86)fe =L 7\]°]B.^^^°] ^^^i'a-'Hi^i ^^i^ ^i-jKYdd-VTH. -t^ 

5-0.7=4.3V) a-CfS "^-B: ^il^ **>:a ^^1°J-. ^l^S-Cl- ^o>;^l^ SlS.^JI ^cf. 
^ 4.3V)^^^1 -i^-S^SV^l . ^fecf. 

^. PMOS :Esa^1^E|(86)€: =e^jt>«>^l H^^]iiiE|(83)l- 7i7^t}<^ S.^^}^}^^ns\ ^g^g 
(A) ^ (B)s^ =el^fcK>^l^^(Vdd).2.s-^El ;^sl-Ai7i^ 4r,^o.s.Ai 7l-^*Vc1-. ^>H1^ 5J€- 
jfL^sV^l^v, ;g;^(A) ^ (B)s1 Sel*W^l;d^l7> Hia^liiiEl(82a), (82b)2; = 

el5t>oH^ eI-oHjj ^^^3).ahi E^^i>;El(82a). (82b)sl <H:i^ 

-ar^-flsl ^^(a). (b)2l ^ ^t-?!!/.!^*].,!}!.*^ ;*l*VAl^t:l-. ^ PMOS HSS^l^ 

El(86)fe -gJg^'a-^S.Ai 7l^^4. 
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^3] aiH-tlJ:7> 2lJ?^s1 17115. € ^, ^. ^^sl HlS^Jl* ^#^"1121 a^-g-^ cll5.«^lS. 

ol7lAi, HElitl-oV^cHl A>.g-S)^ ^^^i^fe ■i-<a. 1-^ 5VOH, #2113 iSll;^l:i:El(18) 

ofl^ als-tlJ:(l)» l^ell^ sfl«ltl7> -8-^l5lai sa^«l. i!ll5lfiiii^^(ir)fe *V 

»4S1 :ji^^^^S(66)sl ^^?i^(io)^ 1.5«ll. ^ l.SioS. ^^sjol safe 5J^S. ^cf. 

^#ofl ^t'^l'H, Hel^W^l ^H^5:'5d(72)-i- US.-?- : 0)S. 'a3l>a(62). (64) 

si ^'S'tlsl Sel^l-oi-^l ESfi^li^E^(78)fil- H€^l^iiel(79)» -S-sH ^ ^12sl 
-^(62) 51 (64)1- n^2^>«-i, =a^(a). (b)£ -S-^g^ l"^ €^^^(<=11* *^ 

5V)S =2l*l-oV^lal-fe f-^H :*V^^ ^#^S.(70)Sl ««= Hel:x>o>;^l B >iE|(83)l- 
eH. ^^>^^ ^#^S(70)Mlsl Jg^(A) ^ (B)# Hel*>o>J^l€l}-. ^ ^t^^l H{«V«1)^^ 

S'S 4.3V)S. =e1;*M:^l^c1-. 

S:^. j^l-^^ :g#SlS.(70)2l Ssia^l^El(82a), (82b) S.€- ^^^■§■5)5.(66)31 msS^l^&l 
(67a). ellsl2di ^^^■§•31^(68)21 B'iH^liEl(68a)fe .2.H>a-Efl»li^. <=^7]a-1, ^.g-ofl 
E5a;^iiE^(86)7V .2.S^V ^i-Bll^l^ife. =L Heflo];ji^fe, S)t^i<a-o)l 2l«fl 
:5l^_o.ii2;t€^(Vdd-VTH, <^1* IT'S 4.3V)S -fi-^lslJi Hel^W^l ^€^1^^1(83) 

71- BSfl^l^Bl (86)21 :^ei]ol^^ Vdd-VTH-S!-'=1- ^^^^"^ H^^liEl(86)7V 

««1 ^^(A) ^ (B)» =el^l-*f^lt!:cl-. 

ol^Tfl ailAi, ^^(A), (B)2l ^. B€^l^t^(86)sl 7llolH^i^(S.5Sl?l^^)7V Sel^> 

c'M^d'a-, ^ Vdd-VTH (<^1» 4.3V)«^ S.^*}7l)7>;q H€l^liEl(86)fe ^^}<^ ^^(A). 
(B)S1 =2ljt>6V^ll- Tfl^SiF JL. =el*>oM^i'a-ofl ^ B'a5^1iiiE^(86)fe .fi-H^cf. 

cl-S-^ll, S.^^}^}^ ^o]-^s.^a2)-%: Hi^}o] : 1)S. PMOS B^^liiiti(78), (79). 

(83)lr i2.S«M. NMOS H55a^l^El(67a). (69a), (75a). (77a)l^ ^^^^ 
:^^.=f-^l^S.{68)s\ 27l)sl e^;^]iEl(69a). (69b)fe ^^1 -S-^VtII SlJil, >ll2'i!3:'Jd(64)«^fe 
sflsf|?iiii^^(ir)(=1.5io)7> ^e1>H ^^(b)sl J^^M^cl-. ni+l7lls1 ^d^T^f-^l 

S.(66). (66 

0. 66, 66J^ ^^=L ell Tcli El (18)21 ^1\'>]^A ulH-i]^ 1^ 'H1'>1e1 efl^lSlS. 

(18j)oJ| Tfl'^lH^^^ 7l-:5l S.;ai^|>,El(67b)-& ^ ig^^] >,E^(67a)fe. -arsVai 

safe 5i «ll^»i], »1 ^^^f*SlS.(66j)oflfe ;«l|l^:£'a(62)0-S.-^el ^■i-^^(io)7V 



49/89 Bflol^l 



3^c-)l. #Efln e^);^liE^(18)s^ l-efl:i cfloj&iofl^ lo] ofli- s.^ K(K^2)7l) 

c«l7lAl,K7]- 2:e.c} ^11^2:^(62H ^^(Kio)fe ;^l2'tl5:'ii(64)ofl ell 

<^7]^, NMOS(82a)Sj 7llolE;g^(:g;S(B)s1 ^iit^^lC^ ^(a)sl ^m]'>] 

B iiii ^d'S-)*!. NMOS(82a)Sl 7]% v>\o]6\di^ ^^ik^^i^^ l"^ 1.4V)Ji4 ^7]^, 
^. ^^(a)Sl ^^7> :at'7HAl;a«»f(voN)(=s)W^1^"a-H>H ^^5]t^"?f-i- ;HJ?^ 

^•S^^ 'dol^^ ^^(B)sl ^^17> 4.3V«anll. ^^(a)sl ^^l7> 2.9V?'> 

NMOS(82a)fe -^t^^. ^^(A)2l ^^7\ 

^^(b)Si\ NMOS(82b)l- ^^]^ ^S.S. ^i!^^o\ 9X^] olcfls. i 

S^^n7} -fi-^mcl-. olJf. oj: >tlJ:>«d(62) ^ (64)«1| ^#7> ^^(A) ^ (a)3l 

^iifl^^SVilcf 3.7] nB^ofl NMOS(82b)fe- iH-a-Efll- -ft-^ltbcf. 

o]^t}d\, ^^(B)^ 1^ oj^^ ^^s\o] o]i^E|(84H SlsH -ffl^SlS. 

(88)01] Ool #^5l£.^ 

cf^<H], 1-efln ell ^^lii; Eld 8) Ml 2] ^t"^ «1B^J: 17V oSss-^ofl uVEfA-j sV^sm O^S. 
e1>HlBiN:a. ^^*Vfe HlH'tlS:7l- i7lls. sisi^nflofl ^ ^igs^ ^o]rQ 7^]o]3Hs.i60)s\ ^# 
f-^V^ ^sj.^, ^^ jtl^ofl ffeljt>«>H >lHAi:^^(72)ofl "S^*!-"^ S2ls>o>^l*l-ai. cl- 
■§-ofl 'a^sV^. o>^7Hs.. ;mi'tl^'a(62)oJlfe ^^(.iO)7}. ;«f| 2-^1 51-^(64) 

ofl * = ^-^^^l 371 nfl^ofl. ^^(b)sl ^^l^ol ^^(a)Sl ^^&^S. ^S.A] 
Jl. -il-^^ffe aVtflS NMOS(82b)fe iH.'S-Efll- -fi-^^mJil. NMOS(82b)fe *>*Efl7l- ^x^. 

^=^(3)31 ^^71- S.^efl'gS. :^t}^JL ^«1B1(84H ^^^^ ^'s^ '^S.SHS. 
(88H lol #-^€4. =S^(A)S1 H(«Vol)^^lofl -fr^l^cV. 

ol>a-^S. ^ ^^s\ eVoI'S ;HlolS]s.(90)sl ?lalEl(84)S-^Ei #^^1^ •t^'tl:^ 0^^^ 
l-eflzi ellxliEKlSHofl -fh^lslol sife HlB-tl^ l-S- 27l| ol-S". %^^S.7} 1o]b\^ alB 
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-g-ii^l 1 10488 ^1 5^ ) 



i7ii oi5>oi ^ ^ sacf. 

^^M. o] Oofl^i IS. ^f^n%^<=^]. <?ES.S1 5.(88)011 S^SJl o) ^#^4. ^. lA] 

>^V-g-sVo^ #efl:i 5ll^l^El(18)vfl2| l-efln Hel^^ ^I5ls.(l6)ifle1 l-efl^ t-i|oiEls. 

^^*}^ ^cf. ol7lAi t'^'tlxfe ^^(A)^V afe ^^(A) ^ (B)2l ^a^^oflAi ^HMl 

Al:£ :d^^#^(^ll^:S.>id)(62Hfe l-eflxi ell^iEl(i8)2l a]EAi5:(i)o^ ^j]-- 

^4. :aenAi, ^#^^(70)^. <3= 'tlJ:'5d(62) ^ (64)<H1 * ^^sl 

>«7lfe ^^(a). (b)sl ^^(^^(a). (b)sl =el^W;^l;5i^(«^ll- 

1-^ Vad)«.^ -S-^ISIjI. ^;^liHl'g(ofl* 1-^ 0V)7>^^1 ^s^sVfe ^^(A). 

(B)s1 # ^^^>SAi <^7lvH, ^^c]] ^<^^ He^^M^^l^^H^ 1-^ 4.3V)s. 

BxH7^\o}7.]^6\ ^^(A), (B)2l ^^isl =l:^s:\ ^^fe. E€^liEl(82a)sq- (82b)3l «H 

^. ^o], El-o)°oi -i-<?}-o1], ^ ;M122; A] 21^1(62) ^ (64)<H1 ^^7> 

<y=^s<d(62). (64)31 ^^(a) ^ (b)al ^^7> ^^efs)-:;!. ^^(B)s}- ^^(a)2l ^d^ 
^^(A)fil- ^^(B)Sl <Hi, ^oi;^)7i. 71:^ HH°1ii:€ S-^21:(<=^)1- *^ 1.4V) 

^cf ^Iv^l^a, ^ 'tl2:'!d(62) ^ (64)21 ^i^(^^(a) ^ (b)2l ^^1)^ <Hi^ ^^'^l ^* 
^H^l^i^tKHBl^l-oV^l^^oll^i ^^^^ ^^St* ^^Itb ^^) VoN(°il* 1-^ 2.9V)» 

H€^l^El(82a), (82h)^ <=>]^ W°] ^ ^4, -B:^ B.^^]^^](.82a) 3El 

(82b)^sl 2\z^2\ ^^(A) £^ (B)2l ^4 ^^(a) afe (b)sl ^ 

^fe S«^l:iiEK82a) SEfe (82b)^sl z^-z^-sl ^^(A) £fe (B)^ =el*l-oW 
^^1(4.3V)S. -R-^l^cf. 

«»1^7fl «fl>»-i. ^^(B)S1 ^^1- ^JL, tlBlEl(84)l- 7l|7|l«}0^ I'^'tlSLS.Ai ^^ vfl 

<jio.s.A-i it;g7ll^(ofl§ 1-^ ^:fsl i7fl)fii HiE-tljSLS. € 51^ ^7> sa^-. ^. 

^^(B)si sjoflfe ?ltHEl(84)7> Sl^H-S.. :s.«;^li:iEl(82b)7l- ^sVoi. ^=a(B)s) 

;5l^7l- ;^smo^. ?i»HEK84)sl 1-^. «f 2.5V)iLcl- tflBf^y-nflofl. 19] 
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ol^o.^ ^ Sife *V^i^ ^•t3?5.(70)<^1^1fe ^^(A)2f (B)7> ^e^sl 

7] Al2^§^fl2^ ^^(a)sf (b)i4sl ^^^>7> ui^?. 2}o..^ BSS^li^El(82a) ^ (82b)s1 

nl-Bl-Al, ^^(a). (b)^S\ ^^^}^ e^o], iiolZLS) <3^-i- ^7) <Hi^4| ol;Mm ^g^*)- 

oL at!- E^ojoj ^Ai^ ^7} 5a 4. 

^7lAi. oj: Aii.a(62). (64)sl ^^(a), (b)sl #f-«1-7fl H2l*}-6>^€ ^^fe Efolxg ;g 

(66). eflslflih ^^^-S-SlS-CeS). z]- clnli|s.(74). (76)f-sl B.«^liiiE|(67a). 
(69a), (75a). (77a)S.sl <a^l^?l ■fi-'yol >87l7l nflg-ofl ^^Jo] 

=1.^^, l-2fl^ i!Jl^liEl(i8)oll -B-^l:^o1 safe «lS-tl^(l)2^ ^s:^^<?]7|- H 

^^li:iEl(67b)7> -8r^v ^#^^^5.(66)1- ■i-sl-*^ ;«11l>di^(62)* *=fe s.^ 

(i)i4. Big);^iiEK69b)7l- -g:^ 7l^?i^^-§- SI 3.(68)1- ^5><H, ;«fl2'iI5:^(64)* = efl 

^^(a)s+ ^^(b)o»lfe ?i^^|-7l- -yolid-c}. 

ol ^^*>fe ^2:'a(62), (64)* *€■ ^^^i^fi) *V'^l7> H7l ^%-7^^] 

^ ±^^^]^^}^]^ 3.7\] 3eM ^^71- *l-o|] ni-el-A^ n]el H.el*|-o).^l£loi oj: 

>i]^-«d(62), (64)s1 ^iH7> ^^sVsl-Ji, -B-^l«V:a Si's! ^*V7l- ^J-isV^l 7>7l nfl^ofl 

Si^ ^5} 71- 3)- 711 ^^71- 7)51 ^^liHl-gofl 7M-¥-^ ^^-7} S.S.7] o]^7^ S|b^, 

al#alo.s.fe ^Tfl Sl7l nflS-efl -f^^^ Al;LV^3).:9:ofl^ ^£.-^(.62). (64)21 

^ ^^(a). (b)sl ^i^fe ^<a^ =a^l5N]»iS 

ni^el-Ai, ^ ^i^ofl/.^^ ^^(a). (b)sl ^^7} ^^M^ e-J-^W ;H*V«>:a sa^^l ^^"^ 
HBlj^W^m ^i^oll^l ;^iaf«VJL safe =8^(a). (b)^; ^^l^Vfe Hcf. nFef'H *»«)^ 
(a). (b)s1 ^^7} Jicf ;«1«|-*|-JL «a= ^^(a). (b)«fl slsW ^ ^!^*1-7|- Al;aoj]/<l, 
^=a(a). (b)s1 ^^If-. ^-a-^sl ;a^l7V H«^ii:El(82a). (82b)f ^*Vfe 
711^1 ;aoi-o.s. 5)5.^. ^^(a). (b) ^ «9= ^s:^i(62). {64)s] =5l*K>^l^^:Bf S^^l^^ 
El(82a). (82b)7> -S-*>fe ^#7llAl;5ioj.jT).o^ ^}o]% ^ ^ oj^^ HTll #1SV5.^*H ^fe 
5Jol Bf^aj^l-c^-. on ^allA-lfe, oj: x\s.^(62). (64)^1 iel^l-^V^l^^-i- ^«l€-7l- ^t-711 
^^fe 5acf. "y= ^S.^i62). (64)2] =5l*l-oH^°J-^ ^e^7l -g^ 

«a-sl5.1- >^>-8-*1-^ •S'-Jh^S-fe 3|S.^2jsj f^cim siH'a^ ^S>«l-7l ofl-g-otl ^ 
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^Ei(82a) (82b)7> ^SV^ nflo^ 4ii^°J-, ^ ^^(a) (b)s1 ^^olji. BSS^l^ 

El(82a). (82b)2l TljolB-^^^Vsl ^^SK^l* 1-^ 1.4V)7]- $17] n^<^], H^a^l 

iiiEl(82a). (82b)sl tHoIe^oj-oJ ^^.fe ^o)) sisH ^#7J1a1 ^i<a-sjl»g-g: ^ 

;«J115£.^1 ^^^^ E^^l^y ^]<HSlS.(90)oll'^1fe, PMOS Ssa^l^El* >>l-§-*l-fe ^t-7ll^H) 

•i'g'g S€^l^El(86H B€^l^El(82a), (83b)^ 7llo]E^^oi] 

(A). (B)2l HBl^^W^l^^* ^-^^i^C":^!* *^ SVH^I i^^i^H-i- -l-^ 4.3VM^1 

PMOS &e^;a<a- ^%=°># ;^*)-Ai7iai sa^v. "^"a-a- «i^<fl ^^^^^i 

El(86)* NMOS B^^l^ElS. ^'^j^ ^5E. NMOS H^^l^^ls; 7)% uJ-ojo^^L^ Tfl 

NMOS ^^^]:i^m86)S\ ^S^^M ^i€<^ ^°]^. 

A^^^ Vdd-V-rH. ^ «f 3.6V^'>^1H ^ 9X^. <>] '4l^«>ll, ^^(A). (B)s1 = s1:*>*Vxl^<a- 
^ ^ 3.6VS. 5)1^. NMOS B^^liiiEKSZa), (82b)sl 7flolB-4:^?}-2l &^^Wth)=- ^ 
1.4Vo]7l nflS-ofl oil- H5i«^l^EK82a). (82b)7> -B:^^ ^%7i^]^WoN)-^ ^ 
2.2V(3.6-1.4V)S. ^ ^ 5a cf. 

E^OJDJ ;g^J^2^7)lAl X ^3:'ii(62), (64)Sl 4 ^^(a). (b)42l ^^^l-l- fumTll, ^ ^ 

^(a). (b)sl ^^^^sl-7> 21-o>:e ^cf 3.711 *M ^SV<^ ;^115£^1 M-B^Mlfe ^o]^^ ;»iH3)^ 
(90)3}-^ aVtflS ;H116£°1] M-El-vflfe ^o]v^ 3^5.(92) 5+ ^^1 ^^^■§■^3.(66)31 ^S. 
^<y.oi7). Eia^i>iE^(67c)l- ^ll-tl5:^(^J:^^^#^)(62)#<Hl. H€^liE.K67d)* 
^^^IsH. c-lnlS)S.(74)fil 7llolH ^^1 E.^^]^^H75c)m: ^]2^S.'^(^]^^:ti 
:^^-^^^)^ofi, ;HH SSa^l^EK75d)» ^^1^<H1 -M^l^HS. ^cf. ol^Tfl 5>S.S.A-1 a1:£ 
;^oj.o]7). Eijij^]^E-|(67c)7l- ^^V ^i^^-g-S)S.(66)2l ^o] B^^li5iEU67d)^* '&>^l?l:51. 
S.sa^li^EK67c)7]- S^^liiiEl(67d) U 2.€- c-j 3; s.(74)Sl ;«11<H 

S.^7]^m75d)% -8:^1^ Sil7l nfll-oll, El-o)Tg ;g#^a^sl 2:7lol| o]!- >\]o] Esgi^l 
>iEl(67d). (75d)<>>l ^«>1- Sit ^ SIjI. 't!5:'a(62). (64). ^ *3= ^^(a). (b) 

21 Efoltjj 2:7lSl •S-Al;*|*>l- HJ-^lSfJL, «3= ^^(a). (b)i2l-Sl :?i^S> ZL ;t>^^ 3 

711 ^ ^ Sicl-. 

n^^, mOS.<^ ^^^^ E^olnj ;ilIolSjs.(60H'Mfe. S2l*><»M H^xliEi(83)fe ^€ 
5^71 nfl&oJl. ^^(A). (B)fe ^^^^l(Vdd)(«9* 1-^. 5V)«>(| =Sl*VoV^l 
JElcf. ^^(A). (3)2] =el^V«>|-^l^i«a-ol ^i«^^(V 
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dd)°1^1 "ll^^l. VthH* l-^. 1.4V)tl S.?l^liH.1(82a), 

(82b)7V ^sVfe ^#7llAl^<a-(VoN)'a- Vdd-VTH(°ill- ^ 3.6V)5. *153«>11 

^ ;Hll5H ^ ^]16:£<>fl M-Ef^fe Efo]'?) ^1<^5)^(90). (92)s] ^#7)1^1 

•a-XVoN)^. ^'^ ^€^^(5V)<H) ^ 2.9V ^ 2.2Vol7l nfl^ofl, ;»fllO£<Hl >4 

E^-vflfe E^-olu1 ;^lo1^S.(60H HleV<H ^■fr7llAl5)].g(^^)(VoN)^ ^71- ^Jl, 

^(62), (64)42; ^ ^^(a). (b)2l ^^*>7> ^cf 3.7\] ^i^S H^^l^iE^ 

(82a), (82b)» <?}-'g5>7fl ^ ^ Sicf. :i ^4 ^li5£ ^ ;<fll6£'^) ^E^vfl^ Et<»l 

"J ;mcH^s.(90). (92)fe, ;HllO£^l M-Efvflfe ^ofl aj^H in^l^iSl <^i8=-ir ^oV£ 
^ ;S#3ls.(70)7> i-S-^^ 7|-^^^ ahoL. ^t^tyjL <iV^^ E^oioj t 

^31- ;H110£.<>11 M-B^iflfe E^-oloJ :»ll«H3qs.(90)3l ^^H-Bfl*!^ ^E;•^ac^•. 

z^-z^ iiJ?- = (A)^ ^ ii-9-S.(B)^ol ^7l*Vfe ^3^^o)lA^sj Iii-fS.(a) iL-f = (b)sl ^<a- 

a, -g- ^a-efls; ;«fl<Hs; 3.(90)7)- ^-8-^ ;Hl8£oil M-e^ifl^ ^iSl- sj^dDfi] <^ 

<H1 ^#7HAl;5l°J-4 ^ ;Hl2^:£^°fl ''le) ^'U^U) ^^^Ife ^<a-42l -S-c«^o. 
^ HTll ^ ^ 5afe ^#7flAleJl»i ^^^Tct^ ^^l*VS7l nfl^ofl tool's '>l|>«-i£ ^ 

j^i-^^* ^v^si-'^i ^^*>ai -a^si-Tii ^-a- i^o]^ fi-^o-s ^ si 
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(i,), ^ I7lls| ^i^^-S-^'E}-'*!! ^^sl(io)s^ ko«ll(^)ii'^ 3.JL ko+ 1 ii-Cf 3}-^ 

*l(ko io<ir<(ko+l)S- ^^*>«^ ^fecf. a S^Ai^i ^]2^ ^S.^^ 

^(io)7> * = 7l nfl^ofl 711^ ko(M>k^O)'>fl 4# ^#(io)(i=kio)7> 't!5:^^^#'5d«Hl M^f. 
oM cfl«H 7l§;a^^^^o|)fe 7l^:5i^T"^4='Etofl O^e^-^i 7l§^^Al(g7V *#C|-. ol 

7:\^^7] ^]^t}:n.. 'H'^^s. 3X^ ^^^-g-^^s] 7fl=^- k7> \io&^^ ^s.^^- 
711 ^«ytbi^. 

'HI ^«lEl^ ^^^"a-* ^l5}5l-'a Ol <?lalE^2l ^^^Cf. ^7Hlx-1 

^ ^vi^o] ;m7^VEfl2l tiV^iiJl ^^SlS.<HlHfe ol A)^^<H1 31^^ -yolEisl wV^# 

^01 31:^2^0.^ ^^i^ ^t'^^'Hl sl5><H ^ Slcl-. £ -S- ■g-'^Sl ^8 ^ 

;<fl9^Ejl<HlA^^ 0. ^S.^o\] ^^S. ^^^^ SlSl-oi Zl ^S.^ 

ofl alls. =g^€(^«l£|Sl- 'S^S. m^l^li^El^V^ S:^]^^ =1 ^i-tlofl ^-^^ 

^elJiillJi n ^$l-i- ;*1S1-Al«i ^ sa^i^ :*>^# ^#^^«H1 s)sH =l <a^^flsl 

511=1-. °1-a1-^1. 'Ji-^l ^HU ?J >I12 ■tl:£'y«ll ^^^KO^l- ^-^^10,)^^ 

^}^^^ ^t^^'ct'Hl SISH :S#SV:il. ol ^>;^^ ^S.S\ ^ o^f 

«H "^floi^ 'a^'^dofl "a^sife ciioieif'si ^jls ^oi^ifii 711^ k7> ni 

«V£.is(i ^a^^s-fe. tfloiEi «3^-aofl ei-fe cflolEisl 7114^1- ^ sUcf. 
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^7MM -tlSL^ofl ^^^^ ^^atl- 2i^it}B.M.^^, ^ 

t-Ajofl oj^ofl sltl: 'tl:S:'!d2] Sl-o)!- hIh^ 3.A] #1^ 4^ a^^l-^'i ^M. 

oy:^t\lL ^^t}?]] •ya^Ei'LVs] St^t-^* «J:^^ ^ £ 'llol&lfe ^ 

A]$\ «y: AijiAio] ^v^^<Hl -a^Aijisl ^-^l-^H- 3711 ^ 

^ ^ 9X^. a •& ^'S^ ^18 ^ ^^'^^^ ^olelsl 

182.011, -g- ^^^51 7Jl7>^^Efl3l ^^^S.7V ^-8-€ Efojoj >ilo1^s.(100)Sl ^^Efl 

3^ zf.^^ ^S-S-M: ^El-vflcl-. «^7loflA^, o] s-^dfi v|H^.iflfe Efolig ;«flol3l^(l00)fe, ^18 
£.ofl q-E}-i41fe ^ ^^sl ^12-^^10^10^ ^SdlH 5J-e.SAi. ;HU2H°fl 

Bj.vfl^ ^ ^igfil >il5£. -^j-EflSl El-olty ;.1HS1^(61)S1- °JolEi<g(?^IJ)(102a), (104a), (102b). 
(104b) ^ B^^l:iitKl03a). (103b)7> ^^s\<>\ ;»fli2lsV:ii S.^ ^'U*\7] nll^«Hl. 

^-g- ^^^itoflfe ■^<a^ l-**!'^ ^ '5i->Hl^ ^-^^ ^5^^cl-. 

>1118£°1] M-E^vfl^ Hl-fil- ^ol, ^ ^VT^o] El-ol^l ;HH2lS(100)fe, ;H11a1J:a1(a1J:^#^# 
^m2)^ ;Hl2'tIJl-ti(7l^>tl3:^#'a)(64)2f. ^11^5:^(62)<Hl zt^l" '^^^ eil^l^E-l 
(18)S1 m+ 171131 cflolel sflAl5l5.(18o), (18,), .... (18m)^ ^-|zt<Hl cflsH ^^^m ni+ l^fl^l 

^i^^^3lS.(^^^^^'^t)(66o). (66i) (66J4. ^12-^ ^^d(64)oil -g^l^ ^]^^^ ^ 

^^^S\S.i7]^^^=^^^^X68)^, ^11A1J:A1(62)21- ;^l2^J:'5d(64)«Hl ^^^1 
oi..^ ^feV;^^!- :8#sV^ *>^^ ^#21^(^1-^^ ^#^^)(70)2l-. ^]lAl2:'a(62)2f ;^l2>il 
^-51(64)4 ^V:?!^ ;g*3lS.(70)fi^2l AfoH -a^lSlfe ^»lEKl02a). (104a). (102b). 

(104b)fil-. ''I 9}^^ ;HH^S.S1 ;Hl«H«>fe. ^ ^i^n^*S^S.(66o). (66i) 

(66 J, ^^^^ ;?i^^-i-^S(68) ^ *>^^ :g#3lS(70) ^-H^Vfe ^el^M^^I ^B^l 

£E. ^^sl Ef<»l'8 ^H^S.(100)ofl 5a<H>Hfe ;*fll'tl3:'5d(62) ^2^S.^i64)s\ 

^^(p) ?i ^^(q)fe '?l»H^(102a). (102b)o(l ^^^lo^ <y tHEl(104a). 
(104b)l- ^^(a). (b)ofl jt>^^ ^#31S.(70)«H1 ^#51:2. i^*^^! = 
elx>o>;il E^3cl-tEl(78)€- -f-«V«^ it^^^. "fll: l"^ 5V ^^<^] ^^^cf. 5£, eflslfi^ 
;5l^:jL^S|S.(68)ofl i!ll5fifi^^^(ir)s1 SJt-S". ^#^^^^^(660). (661) (66J7V 
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#iv4, I7fls1 slB-tls* ^#«V7l io^(a) 2io tl^HEldOZa), 

(102b)sl Efojoj^ :^S^«>711 ^-t^ ^ Sloi. «1 ^^"^1 4e1-'H ^#3} 5.(70) 

«JiHEl(102a). (104a)^ ;Hll>il^^(62)=»- ^1"^^ ^#3q^(70)2f2l aH-HI ^^d. 
°l^mi02h). (104b)fe ^12't!^<d(64)2l- *>^^ ^#3l5.(70)i2fsl a>oH1 ^g^^ci-. £ 01 
iHEl(102a). (104a)^2l ^ ?l»HEl(102b), (104b)fi^sl aH<H]^ z^-z^ it^sl 

t'S ^^l^^)"!] NMOS m^ia^l^EKlOSa). {103b)7> ^^fil«^, oil-si Tflo) 

B^i^^ 44 ^^(a)('yBlEl(l04a)5+ *>^^ ^#^S(70)fifSl ^^S) 5J ^ ^SCbK-yulEl 
(104b)i4 ^V^^ ;8#S|S(70)^^ ^^)'>fl 

c«l7loflAl oialtl(102a), (102b)Sl '^'Huf^ §-e}^<|h^. <il^^% 

PMos ^ NMossi Bia^i^Ei ^ £fe ^i}^«a-oii si*H 01 

^•a-^ 3:^*Vfe ^^S.. #^^^'«>H1 $X^^^Si\ ^^(p), {q)4^ :*>^-^ 

ofl 3711 7wm] si°i. -s-^ ^ ^ si^- 

c,loiE^7V -B-^1^<H oio.!^. ellsl2d^^^(ir)^. 171121 ^^^-i- SI 5.(66)21 ^-g-^l^(iO)2l 
1.5H11. ^. l.Sio^ -g^Slol oj^ 5J ^Vcf. 

-f-td. ^^'Hl HEl^l-oW ^HAij:Ai(72)^ L(5.-f : 0).2-S. ^:n.. <a= Hsl^l-ol-^l H 

5a^l>:El(78). (79)-i- ^11-^1^-^(62) ^ ;Hl2^:i:'5d(64)^. ^^(ic-fS.) pSl- qS. •§■ 

^^V H(*>ol)^^(°lll- l-'S 5V)5. ^el^><^W^^ -i-^H. =2l*VoH B«^l=iitl(83) 
^ *l-^i^ ^#^5(70)^121 A ^ Bl- H(«>ol)^^l(«fll- *^ 5V>S. 

B5l*VoW«V«=i =^H1-Al *l»ilEl(102a). (102b)«>fl 2l*H ?l»HEl(l02a). (104a). 

(102b). (104b)2l <9= L(S.^)^?lolJl o}olEl(l04a). (104b)oll 2lS>o^ a, bfe 

H(al-ol)^^lS. ^c}-. nl-el-Al E^xli:it|(103a). (103b)fe -Sr^V^. ^olel(102a), 
(104a) ^ (102b). (104b)2f2l ^i^^ ^^«V7fl L(S+)€^S :^l^^>c^.. a. *V 

^#SlS.(70)2l H^^iiEl(82a). (82b). 2.€- ^^^•§-^S.(66)ol B!a|J^l=iit1(67d). 

oHAl. =2l^l-<»V^l ;^HAl^(72)l- H(«>ol : DS. «>j1 PMOS B^^]^^i7S). (83)» 
«1-<»1 NMOS H5a^li^EK67d). (69d). (75d). (77d)* efl^^^ ^i#T^-§-^ 
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S.m)^ 271)21 H?l^liEi(69c), (69d)fe. ^^1 ^-^^ ^]2^^'^m)'^]^ ^] 

sHfl^^!^(ir)(=1.5io)7l- ^^(q)2l ^•¥1* m+ 17H21 ^^^-f-SlS. 

(66o). (66,). {66m) 7}^^]. ^efln 4)^)^^^(18)31 #2fln cflolEl7V alEAi^ !<?]. c11<^l 

E) 211^)31 S.(18j)ol] TljolH^^* 7>^lfe >ilS^"?^^7> SS«^1^El(67c)fe -a-^H, 

;^]oj B^^liE^(67d)fe ^^}^ Si7l nfl^ofl, o) ^^^■f-3lS(66j)<Hlfe ;Hll'il5:>{d{62)S.-^ 
^^;5l=(ijj)7]. 5.^c).. n^cl), #efl3 5|);^l>rE)(l8)s1 l-ej|zi tflolEloflfe alEAl:£ lol 
<^^7^, <^)1- 1-^ k(kS2)7H 5171 nfl^ofl. ;»fll'tlJ:>!d(62)ollfe kio^ ^^^V Ji^fe 5J^S 
sl^l. ^=g(p)s1 ^^S. =i^<^ 

a^7HAl. k7l- 2£LC}- €nj|^. ;Hll't!5:'a(62)<»fl ^^{kio)fe ^l2'tls:>{d(64)«<l 

8«5lfii?i^(ir)(=1.5io)i».c1. H7l nfl^ofl, ^^(q)Sl ^^^q Hls>a^ ^^(p)Sl ^ 
:g(q)Jii:1-£ «"i)-=7Jl ^ItHElSl t-^«}-^i:?i^(€-^Sit)<^ £^«>jl. ^«lEl(102a)Sl 
?lalE^(l02b)sl #^^^JiL^£ «*-S7ll '^'HH-'^. ^«1e1(104a)7]- riH-^Tfl •i'^«>^t!-c1-. ^, 
^>HEl(102a) ^ ^iH^(104a)^o1 ^^(a)2l ^^^^t}?} ^^gt}^. *V 

;a#S)S.(70)s1 NMOS(82a)Sl 7llolE^^(^;g bs) ^^)s1- a^l ^^) 

si Ao]7\, NMOS(82a)2l aV-^H^^ ^^^"J^C^^ll- S'S 1.4V)^c^ HTfl :^Jl(<m» 

1-^ B21 ^^7> SV^nfl aS) ^1^)7)- S.SV^cl- V^^). NMOS(82a)fe ^SfJi. ^ 
^(A)S1 ^^7> ;^i5l-sH. L(^-f)-^EflS. ^cl-. 

a. aS) ^l^^i*}-^! ^*V<*1 NMOS(103a)fe iiEsVoL. ?lB)El(102a)5l- (102b)fi1-2l ^ 

t!-^, ol°fl. ^^(q)Wl2^3i^(64)fe ^o)El(102b)s1 t'^C^eisl:)^)! H^g-sVai Si^l 

<JlwlEl(102b). (104b)2l 'a<H4^1 ^^(b)Sl H(*H)'*Efl zi 

cfl^ -8-^1s)Jl. NMOS(82b)fe i = ^El)7> -B-^lSl^. ^^(B)fe H(«Vol)^Ej) zicflS. -frJ^m 

-tli-id(62). (64)011 c)-Al :5i^7> ^^(p). (q)^ ^fl7> ;H*>«V:a. ^^(q)Sl 

^fl7> oiaiEl(i02b)s1 ^^Slr^ ^W^. ^ #^^?i<=>l ^"HM-^ *l»HEl(104b) 

si #^«V:^^ 'g^^ljl. ^^(b)Sl ^^I^Sl-71- ^y^IL NMOS(82b)2l TflolB^^K^ =S(A) 
si :^^)^ US.-^)^^?} -fi-^lslol 5^7) nfl^ojj. NMOS(82b)fe ^^^^ 
(B)S1 H(«1-ol)>a-5fl zitflS. -^-^€4. 

o\H>\] *H :a#^S(70)fi1 efl^l-i-^l-ofl ^^^^ H(5H) 1^ -B-^)*H, <»l5}o)l 

^^S|<H Slfe <?lBlEl(84)ofl Sl*>c.1 SV^SlJl °^HS1S(88)'H1 U^-f) 0^1 #^s1^ ^^S. 
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^^(A)-& L(S.-9-)0* -S-^ltb^-. 

olnfl, ;^12-t!^'a(64H ^^^ol 37] ^^(q)Sl ^^l^o] :s;8(p)s) ;^^lJiL 

cfH t^S.A] ^ty^Jl -^-t^ ^^fe ^"flS. «l«lEl(102b) ^ ^«lEl(104b)Sl 

^=a(b)^o| ^«|-*>al, NMOS(82a)fe iH-S-Efl-i- -fi-^l^c]-. =3^(8) 

s] ;S^7l- L(S.^)iHltS. ;^s>s^ai «J«lEl(84)«fl ^d^sl €^^5.(88) H(*H) 1 

oi^ofl^i, ^ ^1^2] El-oi^j) ;Hi<H^ 5.(100)21 <?! «] eK84)^^e^ #^<a:i:7> o<^M 

^. #21)11 e)l^li^El(18)tflo11 ^^1£1<H ol^ UlEAlJ: 1°^, 2711 ol>^ o] ^^^S.7\ lolsl- 

^ 1711 o]^o} <y: ^ sl^^. #^-tlx7> O^^^el IS. ^ 

ofl. oBcSlS.(88)<Hl SlSl-o^ ol ^ 1 ^^^f ^^^2] ^i^ZL Eil^l :i^Ei(18)^ 

EA15:5.^E1 ^^;molAlJ:* ^:ri o] ^d^;HH-t]s» ^>-g-sH #efl^ 511^1^eK18)v41s] 
^-tlSLfe ^^(A)'LV ^^(A) ^ ^^(B) °<^^^^-^El l-BliflolH 

^v^^ «><4 :t<*1, 'tlS.-ii(62). (64H ^#slfe <?lttlEKl02a), (102b)Sl ^ 
^SVTll 2:^i5VS.5.Ai AlJl'tl(62), (64)Sl ^V^^ofl «a<HM-fe *if ^^(b), (q)S] 

^;jisV2l ^V*. 3^oVH ^>g*Ml «J:=a1 ^i^ tb^^l ^BlE]n>^ 

oiH^Ejfe ^^^^-i- 7}7.]JL Sl7l nfll-ofl, #^«V^«H1 slS^o^ ^^(a). (b)Sl ^^S" 

^ Sa.2.Bl. ^#S1S.(70H S]^V ^#7llAlAH oio]X\B\ ^^(a), (b)2l ^^^Vl- H 

Tfl ^ ^ 5a^^. NMOS(82a). (82b)sl ^^t^^ ^^*V7fl ^aI^J ^ 51 cf. a^^^Ai, *V^^ 

#7l|Aloj| S1<HA1S] ^^(a). (b)Sl ^^*V7> -a^^sl ^^{p), (q)s; ^^*H1 «1«H 3 
711 #l«l|;^l7l nflS-ofl S 52^1 (82a). {82b)f' <Hi^ ^^^1 ^(om-S-^ho) 5)^ 
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i^B^A-l. ^ ;H17^EH21 «V£:Sil ^c>]^^ i^^S-fe, b^o]^. 3. 

#^ 9l^^a02a). (102b)2l °J^^e^^oJ-# ^711 i^j5]-S.5.>H ^V^s] 

o1o|e:)7]. ^3l-*V7l A] ^J-S]-^ nflfi^ ^^(p). (q)^ ^^^^}* HTfl bVJI SL '?>^^ -g-a)- 

ol 7>^sV7l) Sife ^-a: ^^IS. gl4. 

«ll(0y)2l ^o]^^ S15.(100)^. 'iI3:>a(62). (64)2}- ^1-^^ ^#5lS(70)i42l 
Aj-ojoil 2'a2^ '?lBlBi(102a). (104a) ^ (102b), (104b)» '^V-g-eVal, NMOS(82a), 

{82h)<^] sl^ ^=^(A), (B)f^ <Hi^ ^J-LMl s^8^o^ ^ol>^lo> ^ -g- 

.^o. oj^oll ^^S]7.] ^2.. ^tHEl* l^^S. Sl-aL, PMOS BZJI^litElofl S\€^C^ ^^(A). 

^ ^^'gsl ;Hl7'*El|sl «>s.^Hl =a^3ls.7> 2i-8-€ Efojig ^s.(i00)fe. 7]^^o.s. oi^jq. ^ 

^119S.<^1 -S- ^'S^ ^18>^^EflSl «VHA1] 31^31S.7V a^^^ E^olnj sl^S] -^^Ajoill. X^^ 

^acf. ^U9Ho|| e^o1i?J ;Hlo13lS.(106)fe ^HUSH.'HI ^e^-vA^ e^olnj ^]o]^s. 

(lOO)fil- 21^31 <a«lEl(102a), (104a), (102b), (104b) ^^^] ^«lEl(108a), (108b) ^ 
;^l>rEl(i09a). (109b)7V ^^isjol Sife ^* ^lolsV:ii, £^ ^^^^^ ^^^^ ^^^1^1 "fl^*^! 
^^^A^A4i<^lfe -g-'^^b ^« -i:^^- ^ 'y-'*^!^^ ^'^'^ ^S^^^- 

m9^°\] M-E^^fe ^'^'l^a ^l<Hsls.(i06)oll^ ;H]l^:£<d(62)s) ^•¥-^^(p)^ 
^ ;g#5^S.(70)2^ NM0S(82a)2l ^i^d^^ ^^(a)s^sl /.>o)ofl nMOS H ^^iiEl(l09a) 
7} ^^^JL, NMOS S'a^l^EKl09a)3l ?11olB^d^2f ^^(p)Sffil ^l-oloflfe «1olEKl08a) 
7\ ^^^r^. ^]2^:^^2\ ^^^^^(0)4 NM0S(82b)2| dii^i^^ ^^(.h)s^s\ Afoiofl 
NMOS H€^l^El(109b)7V NMOS B€J^l^El(109b)Sl Tflol^ig^s^ ^^(q)fif 

^ A>oloij^ <?]iH&|(108b)7> ^^€^1-. 

o^7l«»flAi olHlEldOSa). (108b)2l ^mk-Br. ?l»lEi(102a). (102b)S^ ^^l 3i^^^. 

m8S.<^ ^E}-iflfe E^oloj ;molslS{100)i'1-^«1, ^119£.ofl ^^^^ ^<=l'a ^H^S.(106) 
oflA^SE.. =el^l-oW ;<lH'tl3:>a(72)Sl L-tl^-fl nl-el-'H. ^=S(A), (B). (a), (b), (p). (q)-a- 2- 
^ H>*Efl =e|j^Vo>;^l ^^(A). (B). (p). (q)^ ^i^^Wd. <=41**^ 5V). 

^^{a). (b)fe NMOS{82a). (82b)s1 71* «H2l^€ S-^SK«im#^ 1.4V)ofl sie>al 
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3.6VS. =5l^V«V^l€cf.) 

o)<HAi, -tl3:>a(72)« HS. ^^S.**! ;Hll^5:>!d(62Hfe l-sflu efl ^1^^1(18)31 1 
ofl 2l5l-<^ «!}Ela.£lfe ^i^^-S-sl^(66H tilB-tlJLSl 7j)=^= kofl kioSl <d 

o]ol ^^SsVjl, o]ofl oj-el-A^ ;5i<a-ol 7j-s).sj-ji ;»fl2^ J:^(64)<»ilfe efl^l^i^^ 
(68)011 21 Ul.5io)2l •Jl'^Jol ^^^a|5>:a. ojoi) u^s^A\ ^oj-o) ;8-s>t!:cl-. 

o) nfl, oJjEltis slfe ^i#^-§-^s.(66)sl 7ll^ k7> 2 ol-S-tl "flofl-fe ^U>t!:£'a(62)^o1 ^^1 
2^J:<ti(64)»iLcl-£ 

^^(b)^ol ^^(q)Jic^-£. Bil-STfl <>lBle|2l S-eJ:d«a-oJl E.^*l-ul. ^HlEl(108a)Sl 
t-^«v?iol <;l»*le1(108b)3l ^^n] 

°] "fl^^il. NMOS e^;tl>iE|(109a)7> NMOS H«^li^El(109b)JiLcl-£ 'd^ ^^cf. "^l 
&ofl ^^(a)2l ^^17^5>7> ^#S1S{70)21 NMOS(82a)7> -g:«1-Jl, 

(A)2l L(S.^)55ll'iS. ^cl-. ^s!^. o] ^^(q)Sl ^^7> cfA] ;^«1-S>ai «?1b1e1 

(108b)7l- t-^^?i8l-:a B^^l^El(i09b)7> ■&i\<^ ^^(b)2l ^^7j-sV7V 
NM0S(82b)2l no]E. ^^(^^(A)sl ^^)7> oInKDS. s\o] 0I7I nfl^oi] NMOS(82b)fe 
-grSVfe "a-S: ^^^'■Efl* -R-^lcl-ol. ^^(B)2l H^Efl* €4. 

ii|.e1-;^l El-oloj ;»iH ^3.(106)21 #^<?] ^b1e1(84)21 L(S-f )*S-^'^. 

«}-cflS., Sl^ ^^^-S-S)S.(66) 711^ K71- lo]t\od nfloflfe, uVcflS. ;Hl2'tl5:'a(64) 

oil Jl^fe ^^(ir)2l m^^^i62)'^] ^^(Oi'^S HJl. ^^(p)^-^El 

(q)2l ?i<a-7j-5l-^o) acf. o) nfl^ofl <y olEl(l08b)7> #^^^S1-J1. H€»^lii:E-Kl09b)7> 

^^(b)2l ^^7j-sl-7> ^-^S^Vi 7il#5H NMOS(82b)7> ^^(B)2l ^i^lfe 

US.^M^S. €cl-. tb^, NMOS(82a)fe n Tflo] E;^^(:S:a(B))2l ^M^} L5!ll'go)7l 
Oil ^=S(a)2l ^ ^^(p)2l ^»lEl(108a)7> #^«}:^«^^. 

B€^liEl(109a)7> ^*>o^ =g^(a)sl ^^7> ^j-sysj-o^ £. NMOS(82a)fe ^t}^ 

^2)-, ^^(8)21 ^fl7> «]»1E1(84)0)1 2lSl-<^ El-oloj >iH SlS.(106)S.-^El 

MBJltS. ^^^rf. ol^Tll *H 1-211^ ^^i^El(18)Ml2l alE^S:7V lol i^^^] 1711S. Ja 
Otis) E^ojoj ;HH^S.(106)oflAlfe ol»HEl(i08a). (108b)2l ^^SJtsl 
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*>^^ :St-31^(70)Sj ^#1-21- 7flA]Al, ^ NMOS(82a, 82b)# o1i=. ^^^l -S-^Vfe -^1^ 

■g- ^^21 m^^^s] ^1^5^S7l■ ^-g-^ E^ol^i 5j^7l- ;»1]20£.°11 S-^l^^f. S- 

(a), (b)^^l- 4^^^^^. l-"^ ^i^^^i(Vdd) 5Vm^] S.^^}o]-:^]t}^ =el 

PMOS EiaJ^lii:E.K78). (78) 5J ^-S- ^flS. «f7] flSl-ol ^^(A). (B)* 
PM0S(87)-¥-7l-^ ^olcj.. 

•^l-i-s) PMOS(78). (78). (79)s) TflolH^^-S- S.^7i}o}^] ;^H>«d(72)<Hl 

^^y^A^, m9S.<^ M-El-vflfe El-oloj ;«^lo^3^S.(106)«'(l Si<^M. ^-Srofl ^^(A). (B). (p). (q) 
s] ^^^^ 5VS1 Se)x|-ol.>q£|^, (a) ?J (b)s1 3.6VSl H^efls. ^l'*!) 

cfl«|-o1. ^20S.<^ M-El-iflfe Ei-oloj ;«}lo1^S.(110)ofl Sl'H'^lfe. (a) ^ (b)2l ^^S. 

5V7>^1 ¥<H -i-sl ^ 9X^- '^l "11^'^ ^#21S.(70)5^ ^t'■S-^^ 71)a1a1^, 

NMOS(82a) ^ (82b)f' S>i47V ^l^^^l^^s] ^^(p). (q)2] ^^^m >«ill9£^l 

^El-xflfe El-ol^y ;Hl«^5lS.(106)^i4£ ^^ 3.n ^ ^ SX^. ^]20^o\] M-E^ifl^ ^ 

<>l'a 'HH^S.dlOfe. b:.o\^ nV^o) aJl ^^'^ ^^sVJI <?V^^ Ef<>l°<) ^ 

^ 9X^. 

■§-5^^(68)21 4<HH€^li=iEl(67d), (69d), (75d), (77d)l- aV^S]-<^ 
El(67e), (77e)» ^V-g-«H£ Si4. 

^aiizi ^^l^l>lE.^(l8)2^ s7i^i -a^^ ^i«fl>Hfe. ^1225.011 ^-^1-^11^ 2:71^1 -g^g^S:* 

OR feel^S.(114)» AND 3lS.(88)sf l^e«a ell^liE^(18)^^^s^ ^^H -S-'StlrCl-. 
a. ^E«21 E^-oloJ ;m<H3^S.(100), (106), (110), (112)71- ^-g-^ ^18S.<H1 M-E^^tflfe 

^ 3;S.(11)S1 Bjol <?5ac-l(12)2l <aSE. l-Sh-a- :»lll3£«fl M-Eflflfe El-oloj 

^o] =f-^i 
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^^t\JL ^V;g^V ^^V^^Sl 3.7] ^ E^olojsl ^ ^7> Jjcf. 

olJl. ^-Si-. ns.3\ f^al- «>ll^«>fe EVo]Ty ;Hlol3lS.S.Ai 7}^ 

^^fif ^^^Sl"*! *>^^ "^^n sacf. £. ■& ^^^^ ^tflS^Eflofl 

;«Jl8'S-Efloj) ajcH ^3^i.>^l- c^^s^ htII ^7|- sUc^. 

>ihEj|sl ^s.M] al^^s.^ ^ ^"gsl ;«fl2'S-Eflfi1 -¥-5:^ ^'^I'S ^Hsj^-g- 71)^^ 

^s] ^^s] cHojE^S] ;g#*V7l ^^V 711^ koCM^ko^O : ^7lA^ (M>1)^ n^]^^ 
Al^c}. <Nll-l-'3, tflolEi H]^]£i^]<A] ■^^]^o] olfe cflolE^ lo) ko 7^^S. S ^-i-^V 

c«l7]Ai Al:S.Ai, 2^ ^t^-tlofl "i^S. ^^]^^ ^^]o]^ e^l^l^t^oJi ^7<] 

s\o] t-floiEloii ;HHi^fe M7l|s1 >ili-8- ^^^^ ^1231 ^S.^^ 

o^l2^g^«^;flo^s^^N7lls^ eiisi^^-g- ^^^'e^si nz^ofl *sfe z^z^- 

* = iS-HAflB^^ ios* ^^^^ ioii'^ ^^?KioOsO).2.S. ^]B\ ^^t}o^ ^ 

o7«s1 iHl5|^>r-8- ^^^W ^^^^ ^ ellslfii iH^ll:^^^ ^^^-a-* -i-sH 
^ii^a^ ^-^-idefl sllslfi^ ir(=ko io+ios)fe koio-S-^ 3Li (ko+ l)ioJi4 ^ 

^S]t(ko ioir(ko+ D^- ^cf. 
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^ io7|- o] 7114^ k(Mk^0)o11 t4€- i(i=kio)7V -JdJl^l^ ^■i''id«11 *l-»fl tflc)- 

;H1232.»11 -S- ^^21 3?=g^5.7l- ^-g-?! "Vs^l ;Hl<H5]s.(ii6)s1 «^^aH1s^ ^^1^ 

«1 V^-El-^flcl-. o.j7lA^ ^ H^ofl i4E^-vjl E^.olnJ ;m 3) 5.(1 16)'8r ^MlS^ofl M-El-\« 

■g- ;H12S1 ^S5}- ^S-ofl ai-g-^oi] %>c>1a^, ;Hll2£.<Hl ^E^--W ^ ^^S] ;«115 

Si >^Efl2l E^-ojaj ;«fl<H^S(61)5q-. ;m<H B^l^] ^H-Kl 18) 5 ^<^K0R)S1S.(114) 

7} sife ^]7]i}^ ift^ie] -§-<a^^s ^"^21 ^A^^^oiife f-'atb ■¥■^1- ^ 

21-S1-J7, ol ^^M]^ €^-8- 2]^^^ S^i^li^iEKTSc) ^ (75d)^ ^HllZS-ofl i^-Ef 

EflSl ?t;^)5lfe Efoloi ;HH^S(116)o)l Sl-H^lfe NMOS Biifi^l^EK75c)Sj TflolHl- ssfl^t] 
^Ei(ll8)s) #^<H) ^^Sl-Jl, iHlsl^^i ^^^^ ^^^S.(74)S.Ai 7>^*V7fl Slcf. 
^S-^ofl ^^'i »\s^^o] -S- ^"^^ El-oi«jj ;H1<H^ S.(116)-a- m+l7llsl cflol El El|*1fla(18o), 
(18i), (18„)£.S. s)fe eflsllii!i:d# ^o\^^]^mi-lS)^, ^^-S) (62)sf 

;«a2-tI3:'a(i!l|s|yii^^ T^^-a) (64)sl-, ;«8l>tl3:>ti(62)oll 2}-z^ ^%S. ^^=i ^^]£^^{18)s^ 
m+l7flai iflolE^ z8*lSjs{118o), (118x), (118„)fil ztzt-H li^m m+l7llsl >iia:-8- ^ 

T^*^S(-a3:-8- 'Sfl^^ (66o), (66,) (66„)fif, ;«fl2-tl:S:'!doJI 

easifii^^ ;!<iHel|;il>iEl(il8)fil m+l7l|sl i!li*lfls(ii8o), (118x), (118„)fi1 z^ 

zto( t^|*^ol ^Ai^ m+l78sl ejBl^^-g- 'a^^^ T^*^a(Sn5l^^* ^^1^^ T^*4^'a:(74o), 
(74i), (74„)S^ m-^S.^iSA)'^ ilBlfiili i«>»1lS^^ T^-f-alS(?fl3ii?ii iiaAlle;^^. 

(68)3f, m^S.'^{62)^, ^12'ill:-tl(64)oll ^i^sl ^ ^l-^^l- 

^^ns. (66), (66o), (660, (66,„) ^ (74), (74o), (74x), (74n,), eflslfli ii^^^^ 
*^S(68) S ^^V^^ ^^3^S.(70)^-S- ;*fl<H*Vfe S.s]^}o\^] ^Hjol'ilJfc -41(72)* 7>x^lji sicf. 
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^'H2ll^l^El(118)€r #ell^ ell;^l>iel(i8)s4- ^}^\^. m+l7flsj tfloief 

!li*lS?£(118o), (118,), (118„)os. slui, #eflzi zfl^l^El(18)sl z^z^sl 2fl*1^S(18o). 
(18i), (18„)»fl zt4 -fi-^lsl<H slfe #zB^ cfloiEl{HlEAi:£ ;at-«V7l 7H^ ko(m+lko 
SOH 4ef k07flfil cflolE^(alM'il^) 11- kO^Bsl ^o]^ Ej|Al^s.(ii8jH -fr^l^l?!?) ^ol^. 
efl;^l>iEl(118)s1 tflolEl zfl^l5is.(118,)<^l HlolEl(meAi:fc) i3\ 7fl^fe ^l^s^el ^ 

sis. -a^sV^ 7V^*>Ji, ^#7)]^ koS. ^A'-H ^^e^Ai ^fijs >a:8^ stt"^. £, zfl^li^El 
(118)S1 cflolEl e«^l^S.(118o), (118i), {lie„)^s\ ko ^o]^ i^^]S\S.(ll8i)<^ ^o]^ l-t 

el|s)firii-8- ^*S?S(74)fe Tt«-SlS.(66)=l- T^^-ir 7V;^H, ^^^] 

?i2^±^i6A)<^ ^^J^JL, c|-#*ol ;g#2^fe 27l|sj ^^^^ N^li MOS =f-^^^ 

(75c)s1 TflolS^^-S: eJlJ^^i^* ;«a<H2fl^liii6l(118)JM tfl-S-«^fe no]^ Bll*|^s(l88j)sl 

E, ^^^^ T^*a)S(74)* 'S*!^* ^*^S.(66H *'a*V7fl ^#aH xl<HAi ;,)l<Hm?!^I^ 
El{75d)7V ■a-«V:2, -tlitl?!- S.«J^1^El(75c)^ nsl 7!)<»m^^o11 eflsl^i^^^ ;Hl<H?)l^l:iiEKll8) 
S.^^ 'tis: l^l <a^€ nflofl -Sr^nJIolI ^l2'a^^(64)S^E^ -S^^^ to# ^^j5l<H SJcf. 

n^e^Ai :S#7ll4^7> ko?!!^"?! zflslfi^^d^ ;«fl<Hai^l>iEl{ii8)o11fe ko7Hfil ulH-ilJ: 17> -fi-^lsl^^ Si 
ko7as1 ^^^d^ ^■S-^S.(74)7V -SrSVJi, 3.^ SlsoflA^ ko io^ ^^^V ;^l2-tl3: 

Alofl ^cf. o] io-S: 'cf^l^^ /?*^^(66o), (66i), (66^) ^ (74o), 

(74i), (74„,)±S. ^<^t}7\] sl£^ ^>aslSi^»4 >^>4^fe Ssa^I^El(67c), (67d) ^ (75c), 
(75d)sl <4« iS.AflAio{i ^S.al <2.*>fe ^;^11*V<^S. 

olofl cflsvo^ eil3lfl>i 5. = -i5B^i^ ^^^S.(68)-a- ;«ll2'ilJ:'!d<HI ^si^>i ios 

* = 7l 5iolcf. n^^ii ios«l at-S- io•!i=^ ^^SKloiosO)«il Sl«H 

io ?J ^^^-^ ^*^S(66) ^ (74)§ T^^«Vfe S^J^liiEl(67c), (67d), (75c), (75d) ^ ^ 
i-S-^flS^d^ ^*^S{68)# H«^laiEl(69c), (69d)f-ii1 a^Si^>sl al3| 

«fl«i^«, ios=o.2io~o.8ios sife ^'•i «v^^«v=i-. 

7flS| ^^^fl- T^*^S.(74)«1| =Sl^a ko efliH'a^ i«'«flS^-^ ^^^S.(68)ofl 

^sl^ii ios«V^ ^(ko io+ios)S. 7V«il^U, ^fl^^S io^l ko«llJi4 ko+l"« 

«i4 ^fl-a(ko ioir(l<o+l)io)^ 
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l.SioS ^ol #'=1^- 

;s#^s.(70)2i <?a=^s.(88)s] #^-8: ^#s^ i^=i 

^Efln efl^l>iEl(l8)<Hlfe n<=>]^ Efl^l3^s.(i8j)<H| HlS-tl:£(l)l- Sfe ^ol^l^V -frJtl 

T^Jf-^ £(68)21 ^^^^ ±5.HE.^^^ losfe O.lSioS. >a^S)5l, ^^^^ ^^^^x^^ i,^ ^fl^ 
^, io«1 1.5»«, ^ l.SioS. -a^Sl**! safe ^^S. 

^#oII ^-SdiM zflsl^it^fl- ;*(|'Hefl^liEl(ll8)sl l7Ms\ iflolel zl|*l2qs(il8,)2l als-tli. 

>t!(62) ^ (64), =a^(Ji^-fS) (a) « (b)*V^^ ;S#sis(70)m2l ^^(A) 3i (B)# ^-^sf 

^1 H(«^ol) (efl#l-'3 5V)S =el*VoV:*l 

cf-i-ofl =e1:*W^l ^H-tlJ:'a(72)# H(S>ol : IS PMOS SS«^liEl(78), (79), (83)# iL« 
eVo^ ;0lolS^;.l>^El(67b), (69d), (75d)# -S-^cf. iMl^H^^^i^ ;Hl<H?fl ^1^^61(1 18)21 «1S 

-tlJ: 121 -8-^lS>ul safe I7fl2l tflo]El Efl^lSlS(118j)oll tfl-§-*Vfe ^^^^ (74j)2l 271121 

NMOS Ssa^l^Ei(75c) ^ (75d) ^el^l afl2l?i>i i2. = >«1)S.^^ ^■S^5lS.(68)2l 27)l2l NMOS S 
«x^i>iEl(69c) ^ (69d)fe ^*Vfe 5J^S. sloi, ;«l]2^3:'aollfe eJlsl^^^^ ir(=1.5io)n ^S. 
fe ^^(b)2l ^a^ll- ^mcl-. m+l7llsl ici^^^ ^-^513.(66), (66o), {66x), (68m)^o1l -t 
iilln Hsa^l^El( 18)21 ^Eflzi tflolEl-iliS: 1^ i-flolBl efl*isqs.(l8j)«l ^fl^^ 
(66,)ollfe m<i±^(62)S.^^ ^^^^ io^V i^-i^. 

iifi^ll ei|3ilriiE){i8)2l #211^ ^o)Eloi|fe «ie>ili 17} "fl^l"^ k(k:S2)7ll^ ^^S. 

;<ai't!a.-4i(62)o|fe kio2l ^#7V ^^.s. sjji, ;g;g(a)si «H =^e^'^i 

o^7lAi k7V 2Jicf ^ollollfe ^1^SL^{62)<^ *Sfe ;?!^ Wofe :42>iIS:'a(64)«>ll J:S.fe zflslfii^ 

# W=1.5io)Ji'^ 3.7] nfl^ofl :a;a(A)2l ^S^^V ^«V«F:a, O^s. J^^^l^v, m, :a:S(B)fe 1 

# -ft-^iial-ji oH ;a#sl<H Sftfe ^*Hel(84)ofl 2l»H '?!H.^s{88)<>il Ool t-^sjfe ^o.s ^cf. 
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<as.^S(88)«>fl lol °H cfl«}<^ ^^(A)S» ^^fe H(*Vol)^i^S -s-^mcf.on'-o-s.^Ei 

^"^fil ;«flcH^S.(116)Sl '?l»HEl(84)S^El #^Slfe IS. "9 

oil o5cslS.(88)»1l o] :g^:a2}., 2. 1 aI^s^ sjij^ efl^] >re1(18)Sl el>H|m>il2:s.^Ei 

at!-, ^123£o(l ^El-'i a}s^- ^^oj tool's ;»i]<HS1s.(116)oflAlfe 'Ef^l^i^ ^-S^^SCSe) ?! (74) n 
Elul eflsHfii = ^^slS.(68) E^oloJ al^(76)ofl 5a<H>^i, ^±9l7} H«^l>i(67c) 

^ >^A) iJ.ase'^l>^El(77c)# -54(62)^ ^ >t!i:^7V S«:*|iiEl(75c) -^-^l -Sr H^^^l^i 

El(69c)# ;»ll2Aji-il(64)^oil >|<HH«;»liEl(67d), (75d), (69d) « (77d)# ^^l^ofl 

a).^ ^o] ii>^3i*>:ii, olE^^ ^oji s\^<^ TH-^l^ofl 'aol'^i, :»(ll^3:'a(62) ^ >«2-tli'!a 

(64)S.-¥-E? -g-sV^a sa^l et^(«lE'tl:S: 17V 7flol6;5}=ofl ^j^sjji sa^l €t-8-) ^«!^li^El(67c) 
(77cH zl-zt =a^sl«H safe ;«fl<HS.«^l>iEl(67d), (77d) ^ {75d)oqs1 -S-^^-fl ^1 ^ ^2 
'tl3:'t!(62) ^ (64)fil ^°J^*V# •8-^1«VJI, =a^(A) « (B)s1 ^el7flAlAi, ^, ^:^ia) SEfe (b)sl 
3.6V# ^««Vfe Ai^oq^i ^^^(a) (b)2l :a^sV# a7fl«V<^ *V^i# ^^3|S.(70)s1 

S£, -ih^^ "^"^^ ^^^S(66) (74)# *=fe ^^^^ io-^l^l-S, -& "^'S^ 01 

ofl ^^Sl'^] SfJl, ^^o1*V7fl SV-^a ^c^. -^l "life .2.2>11S.^* \os^ t^el-^^l z^l^l^ 

711^ 5J 17)131 e«3l^>i-8- ^^^^ ^*SlS.(74)oll *Sfe ell5ifii-8- "S^^i^fil 5t°fl "^el-^l 

^ >y-EflSl Efojoj ;Hlol^S.(116)-& 7]^aj O.S. 01^4 ^Ol T^^a^Cf. 

^ ^^s\ El-o)«S ;.ll<HSlS(116)-a- ^2^ -ShEflsl flS(llH ^-S-* <?^7V Sl^nj, o)o( 

si^i ^ui, ;3#!,l4-£.sJ "gsl 7ll^s1 ;at-4 «Vfe s^S-ofl 2i-8-7V^*>cf. 

o]-* -^^^ ^ "^"^^ ^10^ 'S-^^ 3}^^S.ofl ^2S) ^i^ofl 

El 1# eflBlfi^i^d-^ ;4'Hefl^1^Elofl -fr^l^l^'Ife ^^'^ ;««l't!JL-ti«>fl ^^IslH?! -il^-S- 

T^Jg-flSoq ;«(l<H«V7l tfloiEisl di;^ cfloiEijq 7l|-^-i- ^7} 9X^. -S- 
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aj^ jqs-fe ^-a- nflael^si «ssi ^5:^ ofl^«Vfe cool's ^^iJ^s. 

c^-S-oil ;i(l24£-;««27S.-l- %3i«1-««1 €■ ^'gsl ^3^1 '^EflsJ ^5:* ^s.ofl ifls^o^ ^"itb"^. 

^ »^^s] ^s.^ Slsfe -a^^l^-aiAlofl <a>^> =^lJ^.e^^^l#, ^-'^s^fe ■a^a- -^S-e]-!-^"*!! "^fl^l^^ 

^^ovcfofl o] ^ 44^21 "flaei *^^<^ -^-71 ^^ no]^^ ^^i^s: 9«is. ^ti 

^5.2^ #elln eflJ^l^^EloJi ;ji*«H -fr^^l^cl.. «1 in=L n^^^^<^ 7]^^ l^zflzi tfloiel 
f-s] uiSAjs.^ o) J^A^^Jf^^4^ oiiaei -^-i^ aiafe 4i^sl -f-ti^^l-il «*ei^ -^-i^siji, mIh 

oi i-ziin cfloiEifii ^^71 -f^^^-^^ A^ai-^ ^j:^ fils^o^ -a^^ 

um-il^isi 7H:fBj B>s 4--^^^ "S-^^ ■Hlael cIlolEil- l-zB:i ^fl 

^ ^«fsl ^5:* 5l^o)| s\t}^, ^^^fi am ^ol -^^1-^*1 

3:1- ^-S- ^S.s\ AiH.l.*^o.s.-¥-El ^-a^fl ^3}- iHI^ -^-Jt^ t\s.a\ #e8zi tfJ;^liiiEi77V;*l 
aj^oi MlM-tlS:?} 314^31 ITIIS € ^-g- ^#«V<^ tflolEl -ffl>i4|s.ofl cf^fil +-4!^ 
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^, ^ '^'i^ ^s.^ i7i)fii <&^i oflaei Aia^s-oj s.^^ c-)io]Ei# ^si^sfji 5a-i- 

2.e1 -^l^l-^^ t^o]B]7} -t!:S.^ofl S.t-s)<H -¥-31*31 ^^1] 1-eflzi efl^^liiiEloii £oj 

oisi-ofl, ^ ig^«§oii ^It ^S.^ ^-T-tt- M-Ef'di -^^lofloll i4e+>M -^^^ 

* ^S.sl "i|2.e1^^^ T^-as., ^25S.7\ ^SH, ;«fl26S.7V nsj *ssl 

«!«V7l iflt!: ^iifl^ 3^3.(124) ^ AND a^S.(128)ol Ea1s|<H SJcf. 

<HE) <a3c-1 £^ i-fl-a ^sc^el- ^) (l22)fil- -f^^^ -^-^^ flS(14) {o]t\ A^a.^ 

(124), #ellii cflojEl -ai*S(126) ^ AND 5]S.(128)S 7}x]d^, Dflo] ^sd1(122)-& ^ 
Sls.(18)sl-, H.e|o)<HEl sis.(20)4 «a-2c-1(22)2}, 4ol°<J ^<H^.S.(60)» 7V;^la, Aia.^*. 
<ai2ci(14)fe cflolEl Efl^t)SlS.(24)a^, =e1.ol<HEl^S(26)i!f, «2C^a|S(28)# 7\^^. ^1£«>I 5a 
30-Sr ^-^ "fl-S-el -^^^^ ^^l, "^S-sll^^CSO) 

■S- ^^(* n7ll Bo, Bi, B„,)s\ "flsel Ai«-i.^(oi«t Aiu-t^ole} ^) (32)1^ 

7>^cf. c))j2.el-i^^(30)ofl^ '^1«.-t^(32)ol| n7fl (Ao), (Ai), (Am)sl AND *S(128) 

01 -i^lslji, £ M^^^{32)si *#«>fe "flS-el 44s.ofl ^l|*«^<^ m+l7l| (Q,), (CO, (Cm) 
21 ^ellzi t^o]E) ^>i*S(126)ol '^^]^^. 

-g- -a-^Hofl ^<HS|fe #eil::i tfloiEi fl^ ^fl^ *a 
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(124), #85^ iflolEl -3^51^5.(126) « AND ^5(128)011 -g'S^cf. 

^a(124)^ >^1^*^ 32(Bi)«l ell*l=tEl 36(Ro)«HI l7fl(So)# SaIs^s. 

^ 27l|sl NMOS S«^l=iiEl(124a), {124b)« ^^^<^ =f-^i^^. A ^^*1S|S(124)fe z| 

zl- ^^s] E^;^i>;Ei(l24a)2l 3efl^^^)ol tfl-§-*>^ ^#^(Lo), (U), (U)ofl 

^'S!3^<H ^^-tKL)!- ^^-e- ^ ^^^^^(32)'^ sa-H^i and ^s.(i28)oii ^ 

^^liEl(124b)fil ^i^ ofll-l-^ °] S1S(124)^ ^^]^m36)7} 

«)S'tl2:(l)#^«^al, AND :^S.(18)S-¥-El *^ol5il.§Al ± 1 71- <a^€ aflofl .^f e sS^liEl(124a), 
(l24b)-& ^#>ii(L)# ^^ISH ^SVS *8-#«H ^%^{L)^ ^*V'^1?1'^. 

ej|Jil>iEl(36)Sl -fj-^1tflolEj7> O'ynfl, AND ^S(128)S-?-El ^o\^s. !<>] «g^5j«Hs., 

S|S(125)S1 S«:«liiEl(124)7> OFF^^flolS-S ^*-5d(L)ol ^ i^l^ :^S(124)ol| 

#5!lln iflo]El ^>i^s(i26)'gr J^V7l^*^si >sQ>i<g=oq fijavol ^^^sj^i, ^^-SK^-i- ''lei ^t^g^a 
^lofl niel «el*]-ov;*l oi Hel^VoV^^m ^t-asl ^*l(^^sl ^*)# ^^i^^ n^]^ 

El(36)vflofl -frxij^ol ms^i 1 SEfe l-^*l-t!i 0^ ^#«V7l 7io]z\, oj i-Bfln Hlol 
El >ffl>i^S(126)fe ztzt l7ll(Co)-ir ifli«>l|S *^al ^^'"SVH^ «t-Si(L)oll 'g^lsfol, 27llsl 

PMOS H«^liEl(125a), (126b)sf, ^b1e1(126c)# 7>^c1.. 

o]^ ^Efl^ cflolEi ^>i^s.(126)fe ^ PMOS HSfl^1iEl(126a), (126b)2l ^i^(<^#l-'a 
cefloi)ol ;ii^oil cf#as) ;jiq-(c41#-ir'a iiS.^)o] ^%r-^{L)ofi ^^S] e ^;^|>^E-)(126a) 

SI 7flolH7} -^SS. oH-?] «?i!scl(i22)fil ;Hl26£oll ^El-^-fe e1.o)<^j Sls.(60)<>il, cf^^si SSS^l^ 
El(126b)2l 7llole7> ^#>il(L)o>l ^«HEl(126c)Sl #^%o)l 

^l«JlEl(l26c)-g: ^f^-iKgofl ^sVo^ ^;*l«fji, ^v^a-il^:!- -HI?! <instH(i22)sl #211^ zll;^l>iEiai|s 
(18)ofl t-^^"^. °1 ^^=L cflolEl -aii=i^S.(126)^ ^'ttl^^ El-oloj 3i|a(60)fi1 ^^i!ilt(CSl)ol 
^'i(L : 0)aH PMOS S'a^l^iiEl(126a), (126b)# ON*)-**! ^#^(L)-i: Hel^^l-oW*'^. 

n Efo]i5j ^s.(60)«>l 1711SI Aia*a.(32)si ^H=l ^o]^sH ^Jt^ E^ojoj oflji^dS:, «fl 
1^*^ «;<ll ^i^^sl Al«-i-^(32)sl #ell^ cflolElf'Sl aim'a:S:7> ^^^s1 l7||«l ^-g- ^E^ll^fe 
-tlSLS t-^aVJi, #^ell'S(CSl)7l- «1-olefl'i(H : 1)S £1^ tflolEj >aii:^S.(126)fe S.^^] 

iiiEl(l26a)# OFF«Fui, ^-siHKg-i- =el*V<.Vx|^ «V«>l(H)sl I^^S. -«-=^l^cl-. 
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<asci(14)2l tJl2Ci(14)s1 cflolEl i!flAl3^S.(24H l^l 2fl*ls)«H jUfe 4^3] -^-^a^^ 
l-^(32)ofl cfl^sH AND fi?S.(128)S^Elfe SHsJl-S^S-CH : t-^^"^. "] ^ 

^€ ^1^^^(32)21 ^J^lii El (36)31 cflolEl7V BlS-ilJ: l"?] 4q = Sl ^1 31 S.( 124)21 S^'^l 
>;EKl24a), (124b)7V ONsl^ «El*W;^lsloi oj^ ;ji*>7V ^-aj^tKU^s^el cl^i^VoV^^lsloi ^aji 
-^(^21 ^^7V ^m}^, «V«>UH)21 -^VEfls^Ei s.^(L)^i-tflS ^^^cf. #efln cfloiEi .9!>.^s 
(126)^ o] ^'iS'id(K)2l ^i^2l ^«>^^# ^J-^1SV«^ sfl^l^El 3621 -ilS.^ l^sB^ e«;^liiEl]Ss. 
18<H1 #^^4. 

^, «a«lEl(126c)fe ^-4!i'a{L)2l S.-9-(L)2l ^^1» SV^«1-<»^ PMOS S«3^1iEl(126b)l- OFF^<^ 

«i-oi(H)^^2i HiH^i 11- "11^ <asci(i22)2i #811^ s«5»i>iEi(i8)2i «a^'ii3:'!d«>fl «a^^4. 

El-oliy flS(60)2l #^ei|'§(CSl)ol tsl-oKH)!!!'!^ aH"I|£ ^«!« ^^(32)21 efl^l^te^ 
(36)^21 ^o]^]7} •i-<y*l-tl:S: 0?1 ^-¥-<flfe aqs(i24) ON«H et^HS ^-ai-!d(L)2l 

«*«V^1 SJ^:!!, -SflAi ^£(126)21 PMOS S«^l^El(126a), (126b)fe ON^^B 

#211^1 ^i^S(126)o.S.^Elfe ?HHE»(126C)?1 S-f(L)'5}Ell2l ^--a^l-ilS: 0* "I<?1 '?!lscl(122) 
21 !4;^liEl(i8)2l ^^>tlJ:>5d°fl "a^t^cl-. 

olSl- ^o], #ellzi tflolEl >5!!iii31S(126)°fl 2l«Voi c,^^^Aiti 1-^(32)21 # 2fl cfl oi e1 si 

■^l-^slfe uls>i15.7l- 21^21 l7l)s. ^O-S. ^ ^^21 alS'i]3:2l ^S.i^7} ^S.^°114^1 A>oiofl tq. 
■§■21 -?-*d^^2l Ala.^s.(32)2l l-Eflzi cflolEl§ ^S-i-t^cV. =1-^ ^^21 ulS'a^2l -^-Sl^^V 

o] ^j:7V #Eflrt sll;^]^El(i8) ■i-^'a^Vofl «a^sl^, oi € l-ea^ tfloiEi7l- #ellzi eil^l 
^E1(18)<»)1 «>S. efl^l^cl-. 

AND SlS.(128)fe El-ol°i 31S.(60)^S-?^E1 ^5:3^ ^S. ^o\°^ =41 jl'il5.(CSl)2l- >a <a£c1(14)2l 
tflolEl eli^isls. Efl^^lc-lloiEi(£fe ^^^^^)s^s] i^elS* "a^sVol, tfl**Vfe Alo^^(32)2l S. 

:±:^^' S1S.(124)# ^<H*V7l ^^S. oflal't!3:(CSl) ^ cflolEl7> ^o] «Vol(H)?fl'S 1^ "fl 

■a, AND S1S(128)21 sVol(H)ell«i IS. Sl^l >:^^ Sla(124)2l Hiii|^liEl(i24a)S 

■&tt4. ol "11 A-i« 1-3.(32)31 isI|;»liEl(36)o|| ^^^<^ SUfe cil»lEl7f H|6-tlS.{l)ol« H^^l^el 
(l24b)H ^s^ai, «S.(124)7> ^*^«^ ;S-!i!-i!(L)€- ^3^151:11, sH^H-Ss^ 

^S.(l24)fe ■grsl^l 2^:2, ^-!J|'id(L)2l ^^fe ^^*V^I «VM1*'^. 

"11^ «asc1(122)fe ;<«24JE ^ m5S.<^ «>sf ^<»1 i!l|;^l>iEia^S.{18), «el.oHEl« 

S(20), «fflS^aE|S(22) ?l Efol-S ^S(60)a 7>^cf. 
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7}^]Jl, o]% zfl^l^-S-ol zl-zt El-olnj aq 3.(60) E^olU ^Siofl «4e1-^1 :ii 

-f-a^^s ^^isi-acqsi cfloiEis -R-^i«VJi, El ^ 3.(20) os^Ei <a^*vfe 

fil cflojEl^ -S-^ISVJI +^1^*121 fe^ *lH.oi^ell:isl «lS.'il3:7V « "JlnVct ^s.e»l 

<^7\M ^ ^^21 ^13S^ ^i-sflsl ^S(120)«'ll A>*^o1;^1fe >«25S.«fl ^E^V* '^S.v^ 

(I22)sf ^ ^^Eflfii «soq aV*^ «^ mz<^ "fl?! -aaciciz)!*!-^ ef*! 

"J ^s.(60)* «e^olo^E^^s(20)s^ in-f = q„(or ^s)n ?i»hei(49)# 

#zfln isll;^l>iEUl8)«II ^#sl<H Sl^l "Ht!: =^^4. 
^, ;<82S.<>(1 M-El-'fi «Vs|- "11^ <ffl2cisl 5.etoHElS|s(20)^ #ell^ efl7.l>iEl(i8)ofl -ft-;*m 

e(|^liEl(i8)fi1 l-e«^ tflolEl^- 5.el3lls|^s(16)ofl 'Isl efl^l^^sl'^ Xife ^ 
Ai^flsi Aia^^(32)sl #ellzi l:^|ole^s^ sa*^. ^, ^12£°fl »4e^H+ 'asn1(i2)ollAi 

ol i^Jf-S. Q„ 0^ oiBlEl(49)oflAi «Vxi5>jl, o) 1* iSl;^l>.El(18)ofl <a^*f 

S.B]^x]3i\s.(,16)<^ sB^ll-^s^'H safe cv^sl ^-a^^sl Ai«i.^(32)a1 #eJln c-jIoIe^* ^efl 

-{d^^fil AiH.l-^(32)Sl SZfln Cllo)El7V Bil^l>lEl(36)0-^^El i^S}^]JI, ZflAl^S. ^Cf. 

olfi^ :^ol H2>ololElSlS.(20)-Sr ^-id^^fil Al«-i-S.o^ ^zfl^ cflolElSl *1e1« f'S^-^.S 

£.0] j?.Al^iHsl Aiai-s-fi^ ^Eflzi cfloiEi7V n AiB^^(32)iq e||3^1>iEl(36)«-S.^el ^d^sjof jZ. 
:a safe ^71% ^.a.7> St 0.0s <ffl2Cl# i*#7« « '^7V SlcV. zie^uf o] -^.a-il'^lfe 
n ell^l>.El(i8)ofl *^]sl<H SUfe ^^^1 -fAj^^sj ^1^^4^(32)21 #ell^ "^flolElfil ^^sl «im 
A15:7> el^S^ #i!flzi ^xiiEl(i8)fi1 tfl*^ «elifl*1^S(16)«>fl -fi-^isjji Slfe cf^sl ^-Sd 
^^sl ^zllzi t^lolE^S^ al>«flHol| sl7l«^<«1 7flAifilfe se^oioiEl ^ac^ x^a^^ofl si<H 

Ai, A^a^^Sl ^Elln cflolE^Sj ?i«Alo1| ^ A>ol#o1 ^>g*>C^ ^Vfljl, .fl^S. 

•g- « ^ Sife Al;?Vol ^>S^ ^^7V 5a cf. 



72/89 511 o];^] 



(i8)si cfloiEi -tiisi 7H^# ^5^^*^<»l ¥aL, ^4^si iTiis. € mm ol ^ 

ifl>t!o5 ^^sj 1711S1 «lE>tia:fii ^j^^f^oflAi ^ei)::i t^o]^ ^>i^S(l26H ^isfo^ cf^s^ 

^^^m32)s\ m=L tfloiEl# ^#*>Ji, -^-^.^ ^'^H *zB^ efl^)>iEl(18)oll "J 

^^ci-. i4el-Ai, ^ ^EjioflAi^, l-Efln cfloiE^ofl stlol^ls., l-efl^ °1 

Elfil ^^Aiofl sUcH^iH, '^V°l#'H|Al =e^-oi<H <a£c1# ^ ^7V sai^. -^^^^ Si<H^1 

Aid.^^fil tflolEjsl ^^131 171)31 als-tl:£s) #ell:i tfl-^lEl 'a!i^s.(126) 

^El(36)sl ^#s>:2, ^saH sj^^ eil^l:ie1(i8H ^7> Sl^HS, H^l^ 

*lsls.7V ?^ oVMe^, #sfl::i t^^]^^ ^^<a^2) ^1^^*511^ tiioiEl* 4 AiH^s.(32)s 

^El Dflo] on3ci{i2)7V^1 ^^*Vfe Al?V)# sicfloi, <ass. *lel2f -¥-^70^ ^o-S ^2£.sl 
^ .g.^^ ^7} ^Efloi] si-HAife, Sifln eB;^l>iEl(18)fil #el|n cfloleisi ^^sl «1 

^ >jj.Ej|si ^jg^o] ^^<q 1711 «?], Efoioj 7fl<Hsis.(60)7V ;«fl2Hol| q-El-<arq.. 

^ s.^c^ ^.E^^ Ei-oioj ;^i«Hfi|s.(60)fe, mos.o^ i+Ef-d E^oioj ;flioi^s(60)7V ■s-'a^ t^^^ 

7V^cf. o] el-olig 78oi^s(60H Sd'H'H, «>1 ^^(B)^S-¥-elfe t-^-dol «4J2.Ja, ^"IeI 

(84)1- <aHfls.(88H «a^sl:a, i2.6>^s(114)S -tzS^ 

E|(18)Sl 21- cflolEl i!llSlaqS(18 

o), (18i), (18™)S1 l-^ofl 'g^Hjol sac}. 2]- iLoVfi|S(114)s1 <>1°1 tl^s] <a^oiife ^Efln ell 

^]^lmlB)s] ^7]ik -^^^£.7} a, oi ^ttiE:i(84)si s-^ms-nso) 

^ ^^c^ AND ^£.(128)ofl ^^€cV. S.^, «?aH^S.(88)Sl 0)0) ^^s\ <U^<^^ ^^f^i: 

Aj.^^ hV<4 ^o], El-olnj ;fl]ols)s.(60H ^zflii sll:=^l>;El(18)Ml'>l| ^^]^°] Stlfe l-2fl^ t-do] 

o)^ ^msn iMl;^liEl(l8)Mlofl Sl^ -^S. !<>] 2711 ol>y., ^^-ili7> loj^, 1«>1 

1711 ols>ol -y: 4^ 5a 4. =L^^, €■ ^'3«)l>«>1fe ioVa^s.( i30).e.s^Ei t-^s|fe CSI ^S.^ 

AND ^S.(128) tflolE) >aiiiflS.(12c)oI| £"95101, CSI -^IL^} 1?1 ««, ^, ^ 

^^al 171IS1 His^tli 11- safe "Doll cl-S-fil 'KlJE.el Aial-^(32)fi1 ^^=l ^0]^% ^ 

m ^S(124), AND ^S.(128) % ^ii=L ^o]^ ^^S^S.(126)ofl ^^c^. ^3. 

e, A1H1.^(32)S1 #el)^ iflol^sl ^^f-^ « -tl^sl-Tfl % ^ 91^- ''•l^l-^ •a.a 

c-l(14)«>l|fe, ^S.^ #^(32), (Bo), (Bi), (B^m ^Ssa^^lfe -aAl^-aiAH ^ ^3.i!\ ft-^ 
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o] A^a.^.^ '^!sc^(14)2^ «E^ol<HEl^S.(26)«fl>^1fe ±^s\ ^e^^. £A]oflo{iAife 

^^o. jfLr^o:^ <ass.5ls.(28)ofl sl*}'^ •^i^5)<H <aHH t-^^^^^H, =1 '^1«.-t^(32)oll cfl 
■S-SV-^ tfl-§-8}^ AND ^S.(128H t-^^"*. ^51^, "Vfif ^<>1 AND a^S.(128)fe 1- 

(124H «Vo1ell'a^:£# 

o] :a4, HlS>tii. isl 44=(34)ofl tfl-S-^ ^S(l24)fe -i!3:>a(L)-g- ^o) "l 

el #Efln ^oiEi .ai:t«S.(126)ol| s1«|.ol A!3:-5d(L)«>l| ^}o}^M cl>i*Voi.;^is>ji, ^e8:a 

-f ejn eOxliEl(i8)«H| <a^ ^c^. 

t^%-<^, €■ ^Efls^ E^oluJ ;H]«>1^S.(60)# A>^^ ofloi «ai3cl(112)Sl -SlSH. E^olojo^ E}<a*>Es^ 
;«827£o1| M-E^vfloi, oi§ •& •¥-is^ ^s.sl ^-St^cl-. 

^ S.^ofl SX°]■^^, (a)fe "fl^ '?a3ci(i2)sl "SlsH M-E^Mlfe "^SH. -tlJL, (b)-fe 1- 

aiOL el];^li:El(18)^ Mle^^ IS] s]^^ Efo)oj^ x4e^.£ el>»flS -llJ:, (c)^ b^'^I'S ^#^3.(60) 
si BlS-tlifil ^^7li^S\ v+E^ifl^ ^t'-ilJ:, (d)fe E^oioj ^t'Sls(60)s1 ^t-t-^ 

-ajfeCf-aoflJiAlJ:), (e)fe E^oioj ^#313.(60) O-S-^El i2.ofSls.( 130)1- ^t\c^ »E = ^S.(128) % 

tflolEl ^^^S.(126)oll -ilJlCCSl), (F)fe cf^sl Aia^^(32)2l 

n -8!:^ ♦^'tlS.(«e11zi cfloiEi ^ifls 126S1 cflolEiAia:), (g)^ q.#sl l^zflzi cflo]E^si 
#Ellzi ell;^l^E](i8)sl a1 = h ^0]"^% ^EfM)^ ^ifl^ «flolEl ^S-HS.^ 

S-ili^ it^sl He1-oi<HEloi|Ai oiss.«fJi safe >^>oHfe, BlH-ansl elAl|s^>i(b)si eH^^I-^f-S'Sl 
Etoiojo.s^Ei 4i;8AitV6.s .fflac AVoig(a) ^\o]^{c)7} 7I1a1(-S;^1aj-^)s|£^ T^>yj^<H Si 
cf. Efoioj ;fl<H^s(60)7V "33= lit(a) 5fe elAllH €^(b) ^ii(g)«l 
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^ ^t^#^^3.(d)7} ;427£J4 ^o) S-fi^^S «*a^^, <aE.^S.(128) % ^ii=L «^«>1e1 -Sl^iifl 

S.(126)oll #^^#^S.(d)fil ^^l-tia:^ 5427£(e)'>fl ^eVvt CSI ^3:^{e)7V ^J^^cf. 

oJi, -tBBn ^oi^ -«!it^S(126)^ >ll:S.^(L)# nlal =e1*V«W^ ^, £ «i^^S(128)S.^El t} 

=1^^. ;<ll<H^:£(g)°fl ■1-71SM l-efl^ cflolEl -ai:34s(126)sl t-^^:£7|- #zJl3 efl^l^^el 

(20) ^3cisqs.(22)°fl "Saci ^^-i: a^oi, <asc-i <Hci!j|>.§ ^^^c^. 

o]^ "(1^1 <fflst1(l22)fe 4i58fi1 -^Vol#S "SstH -S-aj-g- *^o^ <^3.c^ ^rcl-. 

c-1(l22)s1 "isc-l ^S.(22)S.-¥-El ^s. ifls. <H = elliSl <a=^* ^^'^l fes^ -^^^^S. 

^ A^H.!-^ <aisci(i4)2l <a3c-l(i22)oll filth -2-€- ujeAi^ai ■?-^^7l- -f^ 

«vs} ■& "i-^-ar, sis-ofl s^«^^, ^-s- "naei^^^isi <a^^ "ns-ai-i-^si ^-ai cfl 
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n ^oiEjs) -f'S^7>;tlsl AHofl <sfl#i-^, ^s=«t7l uie>ti^7]- ^^s] ^p^s. ^o_s., 

oflAi aj-s^. x:\%2] -f-a^^i^ 'ii^s: t-floiEifii -^-^^i- 7HA1SVJI, ^i^s^o^ 

o]Hefl>: #^21- oiHEfli -t^J!)-!- ^sH feel <H = elliiS •f-^tb'^. utel-^i, ^ ^"^"ll sl«l- 

SIS 5{ oil- El-oiTg ;MI2S1 ^lEBsl =el5fl|^|^s ^ "^^^ 

-aAHs) ^5^sife ^a-g- oVMcf. ^, Ef-°1°o' -a-^^ iHlS-sKCANDfil -¥-3:^ ^s.<H| 

•?-^olel-£ #31, al-8-5|fe SRAM, DRAMf-Sl ^S.^ 3HS.oi■^^S. #4. 

SE^, •& ^'S^ El-ojnj ;()l<HSlS.fe Clol3qs.a 7}:^]Jl SZ^l-il-, c-lDlS]S.fe ^i*H£. -g*)^ 

7fl'^# ^ol^l-a, 'tis: osl 7li^l- ^t-si-fe ^^SH 

SEtb, ^ ^-ga) E}oi<}j ;*il<H5js.fe, «)E-!dJ: 1 <a^slfe ^^^-S-^'Q-oll s^t!- -tli-tisl 
o^ain^l -S-Eflsj -^3:^ sjsoO a^Ais^s 
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Tif-Ajoji *sfe *v^^# ^#«^«^ 3 'a^E^ol«g^ ^a^^js-s. A>^*}a^H ^c^. e, 

DRAM 9J SRAMf-Sl "I Sell- -ffl^KgHS-Al aV-8-*1-«^S. ^'S-fl «V 

^^ns. ^ <^ei7M -s-tfl^ '^ii-^oi 'a'3«>5a°.«4, ^^-S:, <=^7m 

^ ^1321 ;fll4~;flll02l -^>Eflsl «VH^ ^I^^S. CAM, SRAM, DRAM^sl ^S.^s\ "Sscls^ aIh^ 

^%^s.<^ ^%'^s.^^ ^^si^a sa^i-Lh ^'^■a- t!-=8si^i sjai, ^m, oi^-S: sram, 

DRAM, CAMf-fil "^^om^^ ^>i<S«ofl al*^ <=floJ -S'St^^. 

mes.^ SRAMfil ^>r«gH.S.Ai ^^-g-Slfe «■ ^o\^^ -S«>i«g«Sl <>l5l7M ^aH» 

^ TSjolct, o^7lAi, ;428S.(a)-(f)fe mOS.. XI15S., X|16£, >ni8£, ^19^, mOS.<^ ^ 

;»fl28£{a)fe *(a)sl >^^iL^ -ffli^-S = >«28S.(a) ^'>]^^A ^i'g«(l40)^ 7fl<^l 

m7V 22^1 211^^ PMOS JS.^:^l:iie1(80a) 1J MOS HiiS^l^^El(82a)a^ PMOS(80b) ^ 

NMOS(82b)§ ^#^^-8- i4sl^S.(141)2f, ^I'tl3:'>d(62)s1- ;Hl2^i'!d(64)fif oH^s^ 

It+coll z^■z^• t^^s ^^isl^ NMOS(67a) 95 (67b)2t NMOS(75a) ^ 

(75b)^ :a^^-i-SlS.(142)2^, eB^lSjS.(141)Sl- ^^^*Sl 5.(142) si ^Hofl :fll2^i^d 

(62)SV ^12'il3:-tlsl ^ i^^H(a) ^ (b)oll ^^^^ ^e^^M^] PMOS Siat^1iEl{78). (78) ^ 
iL^=(a) ^ (b)* ^^«>fe PMOS H«^1iEl(79)* ^BlsVfe Sel*VoV;^lsls.(143)# 7>^cV. 

o^7lAi, E|lAl^S.(141)'>1lAi PMOS(80a)i4 NMOS(82a)i4s1 ^^(A)^ 

PMOS(80b)2^ NMOS(82b)s1 ^^^^ ^#5)31, in-9-H(DO«V)S. 

PMOS(80b)i4 NMOS(82b)s}sl ^^{B)-g: PMOS(80a)s^ NMOS(82b)sl TflolH ^#^^4 

^^s)<H ?^2tn ii-fH.(DOa»S ^cf. PMOS(80a) 5? (80b)i*1 aIs. ^^5)«1 

fil ^^^a^-il (Vdd), 'fl^^^. 5Vo« E, ;ii^^*S^S(142)fe ^l^l =a#T^*^S{66) 

55 ;«l|2fi1 ;?i#T^*^S(74)£ 2i|ui, z^z^ ^V^sl NMOS(67a) (75b)sl ^ TjoisoSfe, 

1 g{ ;<l]2sl -t!3:'!a(62) 11 (64)oi ^^slJi, zj- Tflois^ ;«fl2sl «a^J.i-fHS s)o1, «1i 

m^^. His SRAMSl iflSLBl <Heflolfil t^o)| «lS'a(B) H ^];^^}^{BL^\)<^ 

«cf. a, cV^*sl ;4<H^ NMOS(67b) ?J (75b)Sl 7J|o]e^ ;fl2Sl Vss "fl^^-a =3 
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^l-t!) (72)'H| a, i.i-9-s.(a)a|^ (b) « ii-¥-H-(A)sf (B)fil S.i\^o\^m7\ S. 

el*VoM^S.(143), (83)<>flAlfe =e)*W;»] PMOS(78), (83)1*1 ms\ ^^^^(Vm)*? 

ztzl- ;g#51<H «g= Tflols « PMOS(79), (83)fil 7fl«lSfe ?l»l|ol-i- >tl5.^(72)«>l 'S^^'^. 

cv^ofl, ^ii<g5.(i40)sl S]<HM1-b -i-^j-oii tflsv«^ -y^^cf. s, =5lAi-oV^iAio)ife <?Iofloi^^:£(OE) 
7\ LS. ^JL, ;0Heiai;^]iEl(67b) ^ (75b)^ = , PMOS(78)3* PMOS(79) H PMOS(83)^ 
^g^o^ ^Ij!^ ;^2fil -tl^L-SKii-fH. a 5J b) S ^^(B)* m^'&^^Cs/M). -Kl**^, 5VS. =e)AV 

ofl^^^^V^V "i^S^^. 'flSl-^, "iS-tKBLHfe, 0cllolel7> -a^slcH LS. Sli, cf€-^ HlSMV-a 
(BL«»fe 1 H)°lElfi1 HS. sqE^ <^7]^], °Jofl<»l* ^^(OE)7> HS S)^ PMOS(78), (79), 

(83)fe SIJ^I-JV, ;*iHe«^l=fiEi(67b) 95 (75b)n iS^cf. nfl€-«>l|, ^2^^^^3i\S.(74) 

fil NMOS(75a)oflfe Tflolsoi ol7Vslfe alHM>-ti(BLH»al H "^ei-^l :t.Sj7, ;*||2-a 

j:Aio.s.^E| 5.Blo>*VJim »l#€cf. aflisl ^^^-^^£{66)31 NMOS(67a)5l Tflo] 

SoSfe H]E>t}(BL)Sl L ^^7> ^7V^ O.S. o] ;a^l<>(| i4b1-a1, ^^7> *sji ;«fll>tlS:-t!(62)S.-?-El£ 
= eljfcW;il;asl.7V «l^«ci-. olfif S^l "8='tI3:'a(62) 9J (64)sl iff^-Ca) (b)sl ^ 

«V7> HlmaV-tKBLH^fil H ^*lsl ^o) alS-SKBg^l L ^^JJicI- ^O-H-S., Jii-9-=.(b)s1 

^^l^^l^n 32 ^^(b)Sl ^^7\ NMOS{82b)Sl ^mk^^ ^«^sl^, of^^-^, 3.6V 
^, NMOS(82b)fe i = *>al, ^^(B)iM ^flfe ^*F«V<^ ajf^^o.s ^:^l^^{Vss)S. 

^^(B)Sl ^fl7V PMOS(80a)fi1 €^^2^11'^ :^*>«>°1 PMOS(80a)^ -SrSfo^ 

(A)fe ^«^#1(Vdd), »fl-tl^« 5VS. S}J1, o] ^$)s. -8-^1 ^cf. 

0)54^0) ^i°« = (i40)sl ^^t-^sVfe -i•^^'='l 

S.^. «1S.^(BL)L ^?17V NMOS(67a)s1 l-^StiL^ ^-fofl^ NMOS(67a)^ -S-sl^^J Stfe"^. 

aj7lAi, ;Hl28£(a)°<l ^E^^d -«ai«S = (140)ol| Sa<H>^1, = elAVoVjt1^s.(143)7V 'gAlslH Sfo.^, 
!n-fH(A)sf (a)5l ^*ljfcV 95 l.L^H.(B)Sf (b)fil ^#1*Vfe NMOS(82a) 95 (82b)s1 ^ 
#, <4§^^, 1.4V^H SJ-ofl a^H-S, ii-fH.{a) 9J (b)fi1 2J-a- NMOS(82a) £fe 

(82b)7V ?J^S. «»1 °a€-°fl, ^<'fl»l-t'tl3.(OE)7l- LS.^n HS. « ^l^ofl ^1 9i ^2 

>t!3:-ti«-S ^^sl 2:71 a-fl ^t}ci\ Hm-a(BLM»=f HlH>t!(BL«V)fi1 Jt-fE. 

(a)fi^ (b) ^*ls1 '^±7} l-<a*m7JI 3^:51, 'aii«85.(l40)7V i*^* <as.f]^ ^o] ^cf. ^*), <jf 
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- ;a-f^"fl^i zii*i^s.(i4i)s.^Ei ^fic-f^^'^ifii Tisiofl s)«flAife ^>a«v7i =acf. 

oil ^i:"g = (140)ofl>^i^ =el*l-oVxi^S.(143)'=>fl s\t[<:^ ic-?-H(a) ?J (b)2l 

1- ol^a-*}:!! 511-2.2.S., NMOS(82a 5£fe 82b)s1 S-^^^ ^^'%t 

A>o]oi| ={a)s4 (b)2l ^^sfTfl ^^^^ 5U:a, 2fl*13}s.(l41)fil Bfl*l-S-^<»1 i■S-2^ 

s)^ oVMct. ^, -a!^'gH.(140)-a- i^-?-S(a)a^ {b)2l ^^aj t^±7\ ^^sVui, zi 

^efl«^^l «>M^cf. NMOS(67b), (75b)l- ^ ;^28£.(h)ofl ^Ef^f 'a!>i<g^(140A) 

;>1128£{b) ^ {c)<^ ^d-'SE.il^A) a (148)«- ;«(l283E(a)ofl ^em-fe ^iir«g = (140) ^51:2, ^# 
7B^1 ell's -a^^'S^S'^l 7l^*Vfe Tflols PMOS(145) « NMOS(149)-& ^^^^ 

(Vdd)sf PMOS(80a) ^ (80b)sl. ±S.^^ '*±^^^d=^fi^ ^^V^H :428£(b) S (c) 

oH ^E^•^! 4i«g«(144), (148)ofl>«^1fe '<«28JE(a)°ll sa^H-^ISJ ^■^^*^S.(142)sl ;HI<HS«!^liiiEl 
(67b) ?! (65b)» ^^^^ ;«ll<HS«J^l^El(67e)# ^V-I-St aV**>j7 ^t^, o]^^ 

-a!i<a«(144) 1! (148)ofl'^1fe, PMOS(145), NM0S(149)«>« sl*V<^ l«^-fs.(a) 95 (b)fil ^iH<»i «fl 
SV<^ IiiJ?-H.{A) ^ {B)fil -a-'fl^^S. *V39-sVfe O.S ^2^dV;51^ c)-^ 371) 

;428£.{d)ofl ^Ef\+ -aiJi«gH(150)«>fl>«-1^ ic^H(a)fi^ =(p) a>o1 ie^H(b)fiV 

H(q)4^sl AVoH z^-zt ^71)51 ol>HEl(102a)sV (104a) ^ (102b)i4 (104b)-t 7V^1^ ^ 

#EVoioj *(ol^s(152)§ -a^l^Vo^ °l»lEl(102a) ^ (102b)s) ^e^s^ofl sl^V^i ^t^E>°1°J-i- 'D'H 
Ell*iaiS(141)sl ^a^Aioii ItJf- = {a)s^ (b)s^sl ^^I^V-t "H-f 37)1 sH^i -g-^J-^V^-S- 

^I28£(e)°fl M-E^Vi >9!i'g = (152)o11'^1 ;H)28£(d)el ^t-El-oita ^<HSlS.(151)* tfl^sfl Ssa^l^ 
El(i09a) ^ (109b)# -a-'asVJi, ^ TlloiEs^ 4ii2.>;2l a}o1^ <?lBlEl{108a) ^ (109b)* 

^#E^°1°J ^H^S.(153)» ^^m^i sa^f. ^^^'^^i '«0^«aH(152)^ ?l»HEl 

{108a) ^ (108b)sl fil«M ^^Ej-olig-i: 7^o\ii^<^ f]t\^ ^-S- ^ 

;«ll28£(f)«1l -sait«g«(l04)fe ^28£(e)<'fl ^EV\i ;a#E^o1oJ >|oi^s(i53)<>l| cH*^o| aej 

^iVoV;^l^S(143)-i- 7Wfe :5!^S. c]^^ ?lcV^ ^al-H^-i- 91^. 

;428H(g)»l| M-E^vf €^<SS(156)fe ;««28£(a)<»l| >ffli«gS(140)34 >i^Ji^oU ^>r<»««oiji, 

;»«1^«^^7V ^ J^l^*)(Vss)«fl'^i ^15^ MOS S.«:*litEl7V NMOS, ;42£€^ MOS B.^^]^ 
^7} PMOS ^2^^^^7\ ^«^^(Vss)ol4. 
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B||^»lsqs(141)ofl>^1fe NMOS(82a) 5 {82b)2l ^i^ ^#s]ol ^^^isjjL, PMOS(80a) U 

{80b)n 4i^^o11 ^11 ^12-t!:§:'t!{62), (64)7V ^ 4ii>i(a) ^ (b)o)|fe ^^^^VoW-S- 

NMOS(155)7> ^^1^ NMOS(157)l- n^lfe i:li^>ol-;*)^S.7l- ^^^^t- a, ^^(A), (BH 

S. c1^*Vo>xl-8- NMOS(83b)7> ^^S)jl, =l wV^^°fl '>ll-^3:(OEa»7> ■y^S]^ aI^ai 

(72)0)1 ^^sl<H Sli^f. ^ll<J3l'a(62) 5J ^2'il3:'a(64)2l ii-?-=(a) 55 (b)oflfe Tfloleoii hIeaj 
(BL) ^ HlH«V-ti(BL«V)7> ^^3^^ PMOS(158a) ^ {158b)7> ^^^cf. -^llrSl PMOS{158a) 
% (158b)ollfe ii2.i7V ^] 2^i«^^(VddH ^^slfe PMOS(109a) ^ (109b)7V 
PMOS(109a), (109b), NMOS(155), (157)s1 TflolS-ofl^ ^ofloH^-tiaiCOEHV)?} 91 

oflo)^Al:£A}(72)7)- 

T^-a^S. ;<fl28S.(a)«l ^E^\t -a>i<g = (140)2|- ■^'a*!-;^ ^it«»3«(156)^ 
si «^#^-S-aF^ «^ ^7V sa^V. S.Al«V;t] etStl^l^J, ;«fl285E(g)sl 4fli"8H.(156)J* 

*<a*^7^l «h ;<ii28£(b)-{f)si -sa^ >s!!i«a=£ -g- ^^<^i s.^^^ %^o]^.o]^ 

a^jl, DRAM, CAM^ Ml**Vfe '^al7VJ^l »»aels1 *^#^-8- -5fl>i«g5.SAi aV*«>«»1£ ijJ-S- # 

cfloiEis^oj <ysi^;^ :a3|- #2flzi cfloiEl^ ^i^gsl -f-a^^s. -f-a^^^^ 
"11^ ^3:* ilssf, ^^sl >8-7l "fliiel ^ia^ss^ ^ai^^j^zJ-^ -f-?d**1 
4^ Ai«i-^ jfi^ ^Moi, ^7] ^^-^^^n ^91 -^-^^ ^71 -f>5d^^ 

•^^ ^sofl sl*)-o^ -^-tl^^n ^-S-^^ "Bs-sl -HH^^si ^eflzi 

3:^«VS safe A>o]o|l Cf#O.S JfA}^^7V <g>S- pflae) AiU^S.o^ ^V7) §2])^ CflolEll- 

Djel 7l«l«i-7l =a1aj*l^s# 7}^]^ ^-i- ^^^S. s>fe ^S.. 

:S^^^<^ fi]^ ^5.^ f^ssl ;g#oii s^«^o.^ A^7) =5i54lAl^s.ol| ^S^^l ^*1^S:21 ^ 
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0 iEfe in^ 7H^# ^^1«V^ 7fl^;S#^s.# 7V;^lfe -¥-5:^ ^s.. 

xi|5^8-oi| ^7l ■tl:£^"S^7} Hsa^l^Elfe, '5h7l ^^E.^^]^^^^ ^7) -t!i-as+ 

;4l « ^2fil -a±-a«>ll nl.al *^*l-7ll -^^^^ ^"a-afsl ^S-dl^^a htB ^fe ^t-7«A] 
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5}* ^=8 o-a ^s.. 

:*l>iE)fi1 78oiH^^4 ;«Bifil -tlJ:^34si aj.o1o( aj<H£ «H4s1 -aulelSf, 

>8-7l s«:^liiEl«q 7flois:g=-3|. >8^7l ^2Sl -t!:S.-«d4 A>oiofl a}<H£ gj-x+si ^2 

>fl9*<>1| sa<H^1, Bool's ^s-fe, t-l^ 'S-^l m ^ >fl2fi1 S€^1itEls}^ >8-7l *}-^# ^t-^^^ 

M7l|fil cflolEll. Zl-Zl- -f}-^l«Val, -dJl^a^, ^2Sl AljL^ofl 2^2^ iftS ^A]^ N?!!^! 

e«si?iiii-8- "S^l^a* ^^^^a-s*, ol zflsili^-S- ^^^^ ^^^'S^ ^ol«Vfe N7llsl tfl 

4S.=^^ ^-f-^^^, -8-71 M711S1 ^^^^ T^^^'^-i- -f-SM ^7l ^S.^o^ ^ 

^7l N7||s) 545H^>i-8- icJr^l^* ^^^^ zflslfiii -S-^lS^i* ^^^'a-i: ^«^<^ 

7114^# ^^)«>fe 7ll^^#s^S.# 7W^ -¥-3:^ ^S.. 

^ cflolElsffil ^^^1^-^ »!fl^ cfl-^lEl^ i^sl -f-a^^S. -^-^^^V-b -^--td^^i-^ 

^ ol|o) ^^sj. ^s.sj., ^^S] ^J-7) Aia^^s^ ^s. ^.Aj^^^zv-g: Sffe ^aJ^ 

^«av A^ti^^ ^s.^ 7\^\ji, ^7] ^^d^s(]^s^ ^91 sjs-oflfe, >8-7i ^-a^ 

^l^ah AiB^s. «:s.^ s|s.ofl s]t}c^ -?-'a$^7V S-Sr ^-8- ^S.^ ^lil-^sl l-^H^ 
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^]^o]t\^ Efoiig sisi- 7>;»1j1, >^7l efl;»li!i^iflfi1 'a*1>tl3:sl ^3:^ 

-tli-^oH *s.b >a-7l 7l^;a^^^^^# ^^'^ "3-71 ;fll2sl -tli^^fl * = fe ^^^^ 

'a-?! M7flsl ciWlElsl 0 SEfe 171121 78^1- ^5^is>fe 7il^;S#^s.# 7}^lfe ^s.. 

s. *m SIS.. 

;«ii 14*011 ia-H^i, >a2:^'a-'a7> Hsa^^iitife, ^71 ^ois^^i^^Eisf -s?) ;miisi -tisL^a 

71 ^ ;*ll2fil -tli-tiofl ''lei *<y«V7ll ^^^^ ^A^^^s^ -S-cfl^O-S htII ^b ^t-711 

;«1113<8- ^^1 mS^^ oli^ ti- 5a<H>^1, ^J-71 ^o\°i ns.^ ci^, -y.?] ;M11 ^ 5.1I2S1 ^ 

JL-td^f ^7] f^}^^ ^^^^^ ^y'^M *«l-fe «1*H£ I7y|s1 ;^1 95 ;«112sl ?1b1e1» t^"! 
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ifijqiiElsi 7l)o]E;5i=3^ xBisj -*H°fl ^"HeI^, 

-^^71 ;t(|2sl S^^l^EfsJ Tflom^^Bf >8-7l ;ii|2s1 >t!S.'t!=ffil '^VoH *V'4sl 

Sfe -»7l N7llfi1 el|2l^>i-8- ^^^^ ^^^'S zflal^^ -i-^lS ^^^-S-^^-ir ^ 

«H -8-71 ms] ^3:-«d«fl ^#«>fe ^^^'SrsH- ^ 

71 7lS'^^ T^-^T^'a-i- •i-«)-^ -^7) ;«11221 >tli>tl°il 2:3^ ^^a^^l ^-i-*!-^ 

^ ^t'^ia-ir -9-71 M7i)si cfloiEi <a^'a^s.-¥-Ei -a^si^ ^71 M7iisi c-doieis) 0 
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7] ydli ^ f-'a^VTfl ^^slfe ^-Si^sl ^l-l- ^cfl^o.s ;g^7ll 
^^*26 

-^0^7) ;^)isl -tlx-a^fsl ^\°]°^ *«Vfe ^<HH I7flsl ;»)llfil ^«HEli^ ;0)2^ S^^l^^^sl 

7l]olE;a=-i!}. ;^12fil ^i^^J-S] AVolofl f-g}^ 2}<H£ l7liS) ;42fi1 T^«l«}fe ^ 

^t'«27 
^^^28 
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7] ms] ^±^<^ -a^i^ ^^^^ ■s-'^s^^ n'^^^sf M7flsi ^^^'S-a- 

-8-71 M7flsl zio]^s\ 0 £fe ISl ^^^^ «J:5£.*B ^^SJS. 

71 ;4i « ;««2sl -tlSL-aoll °lel *'a«>7« ^^^^ ^"^^sn i}^ >*cfl^«s a7« 
^7] AHoq #s>fe ai<H£ «mfi| ;4isl BsS^l^Els^, ^<h7l ^22l Hifi:*!^ 

El 7flois;»i=4 ;m2fii -ajL-a^^aj A>oioii ^o]s. 17m ^2s\ 
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2f ;«a2s1 ^S.^^ *V^** ^Ifil ^ ^2si\ f^iL-fH.^ n^ife ^-^^ 

z^zf ^^kisioi, >^7) ^a^T^** n^]^s.s\ ^^^o^v^^ ;«(ioi«vfe ^^a-i- ^-a- ^'Si 

>1|35^8-°1| Siol^^i, ^is\ ;si«^iH =g#sl3, HeUoio] #^ic-f 

sife ;<«2H^<§fil ^2S1 MOS S^^li^Els^, ±±^^7} ^7] ii^-S-ofl 

JL, H-efloio) ^71 ;42sl ^#slfe -S"?! ;4lE^*8fil :»(l3fi1 MOS B^^^^^^s:^. 

s.^^o] A^7i ;,i|2Sl #^ii4-B.ofl ^^s)fe ;«l|2£^<§sl ^4ifl MOS S€^li^El» 

^7] MOS e^lxl^Elsl Tflols ^ ;«a2fi1 MOS ^^^]^^^ ?^o]S.7\ ^7] 

^^i-jf-cofl :g^:^al, ^7] MOS SSS^l^ElSj Tfloje ^ ;^4Sl MOS S«>^l:iiEl2l Til 

o]m7} ^^7] 41^ t-^Jn^^'^ ^1221 MOS S.iffl;^liEl2l ±2.^7} ^7) 

j<»isl -tl^Si-idoU ;»«4sl MOS s«^l>iEifil iiSi.^7} ^7\ ^2^ -ilS.-aofl ^^sj^ 

;»«36^<>fl SH'H'^I, -^^7] ;«8is} MOS S€^l^El7> P*fl^ MOS miffl^l^EloU, -^^7) ;«fl 

2Sl MOS E^;;t|i:El7l- Nifl^ MOS Ej-ol'jj 

mei^^ sa<H>^i, -s^^i MOS m^^idiEi7V N>ii\i MOS miiH^iiiiEioi^a, ^7\ n 
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2s\ Mos m.^^]^^7} pi^i^i Mos s«;*liiiEi^ Ejoiig -a^^-as.. 

m^J^litEliq-, ^3021 ^^ol ;«II2S1 'tli'Sdfil ^#:r.-f =oll ^^siji, ?||oiE7l- <a 

sasi =«ii2si iL-fs-s+si Aj-oH ^^51:2, Tfloimofl ^a^H'tii?}- <g^sife 

£ 7j|«H^ S«;^:ilEl# 7}-Xl^ .EVolnJ ^>i«g = . 

ms\ -t!±-idsl 4 i^^^is. -a^sife i:.-fs. 'g'S^'cb?! Etoi«g 

^T^*44 

mi^-^ 5a<H^1. ^#7llAl;ji'^>^ ^7l HI ^ ;»ll2fil -ili-iiofl °)el ^^*V7il -M^slfe ^"^4 
fi] -i^cfl^AS. 3.n ^#7llAle||'§ -a'S^^-g- c-1 7};»lfe *Vfe Bool's 

^T^*45 
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